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subunits. Currently eteven dfferert ^ variou5 « subunits can 
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" m various Bsubunits to form distinct lntegnns. 

conditions or d.sease nype rcalcem,a of 

mal ignancy. ang.ogenes,s, rheumatoid art hri«s, 

incl uding macutar *^^"iJa- migration (e.g. 
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JS eful as antivirals, antifungals and antimicrobials. Thus, compounds 
useful as antivira. , beneficial for treat.ng 

which selectively inhibit or antagonize a v p 3 would 

such conditions. containjng 
It has been shown that the a v (3 3 mtegnn <a. 

^ , „f am HIv-Asd (RGD) containing matrix 
intearins bind to a number of Arg-Giy asp ^ , 

m lrnolecu,es. Compounds coning the RGD seance m,m,c 
Laeeflular m * ligands so as to bind ,o eel, surface receptors. 
However, it is aiso Known fhat RGD pep.ides in 9 enera, are r»n-se^ve 
«o RGD dependent infegrins. For exampie. mos, RGD pepttdes *«* 
L t o W p,alsobindto av p, avP,anda»P,. ~^ o ^ t 
, „„P, (also known as the fibrinogen receptor) is known to block platelet 
I; e ation in humans. ,n order ,o avoid bieeding side-erfec.s w.en 
Zing the conditions or disease states associated with the ,n,egr,n av p 3 . 
I be beneficial ,o develop compounds which are seleCve 
antagonists of avPa as opposed to a„p,. 

Tumor ceil invasion occurs by a three step process. 1) tumor cell 
attachment ,o extracellular matrix; 2, proteolytic dissolutton of the matnx, 
and 3, movement o, the cells through the dissolved barrier. This process 
Z olZearediy and can result in metastases a, sites distant from the 

26 0ri9ina sre t , (Proc. Ma, Acad. Sol. USA, Vol. S3 ^ 1*™ 
h ave shown that the av P, in.egrin has a biological function , ,n me a ma 
ce „ invasion. Montgomery e. a,.. (Proc. Natl. Acad. Sc. USA. Vol. 91 
9 4) 8856-60, have demonstrated that fhe in.egrin a v p 3 expressed on 
Li meianoma cells promotes a survival signa,, P— e -lis 
30 fromapoptosis. Mediation of the tumor cell metastattc pathway by 

■nterference with the av p 3 in.egrin cell adhesion receptor .o .mpede .umor 

tn a, antagonists of av p 3 provide a .herapeutic approach for the .treatment 
36 I neoplasia (inhibi.ion o, solid .umor growth, since system, adm.n.stratton 
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of various histologically 

play s a critica, role in ang.ogenes.s ^ q) ^ 
s characterized b y me invas.on. m,g * °n J ^ prQcess by 

mu s.e and endothelial*. ^^L^ 
selectively promoting apoptos, ^^es to pathologioal 

new — — * °X ::lo amy — macular degeneration 
conditions such as d,abet,cret,n p g4) 445 ^ S 0) and 

, (Adamis e, a,., Ame, J. Ophtha . Vo 1 «. I ^ ^ ^ m5 . 
rheumatoid arthritis (Peace* e. al^ P- agenU for 

integrin on osteoclasts -PonsW ^ exceeds 

cause bone resorption and when ^ b , „ bone) , whi ch leads 

to an increased number of Pone — J. ^ ^ ^ ^ „ 
26 ntorrality. Antagonists of av p. have *en ^ ^ ^ ^ 

csreoclastic aoavity «-^^J^^--». V* « 0« ^ 

e ads to' decreased bone resorption and 
1413) . Antagonism o, av p. 'ead ^ resorbing actlv ^ 

the re,ore restores a norma, batance o ^ ^ whlch 

30 ™ . would be beneficial = ^ , therefore are useful in .be 
are effective inhibitors of bone resorp 

treatment or prevention of ° s,e ° P ° r ° S ' S m muscle ^ migration also 

makes it a therapeuUc target P vascu , ar 
35 hyperp-asia which is a ««- - - « ^ ^ 
procedures (Choi et at, J- Vase, o g 
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PrM n or inhibition of neoin.ima, nyperpiasia b y phan—a, 
' agents t0 praven, o, H« reP onea « 

compounds which inhibit av P, would f.nd usefu.n 

sumnBixofB^^ 

.otoc to a class of compounds represented 
The present invention relates to a class o 
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h armaceutical.y acceptable salt thereof, wherein 

1 HET; 

r 

■ * q mf > mb ered monocyclic heterocyclic ring, optionally 

1 * 4 heteroatoms, selected from the group 

consisting of CH, CH 2 , N. NH. O and S; 
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Y 1 

R 5 R 8 



wherein V is seiecled from .he group consisting of N-R>, O. and S, 

R > is selected from .he group consis.ing of H; aikyl; aryl; hydroxy 
1 xy cyano; ni.ro; amino; alkenyl; alkynyl; amido; alkylcarbonyl, 
I^ony,; alkoxycarbony,; ary.oxyoar.onyl; haloalkylcarbonyl; 
haloalkoxycarbonyl, alkylfhiocarbonyl; aryl.hiocarbonyl; 

oxymLoxyoarhony,; aiky. optionally subs.iMed wifh one or 
more subs,i.uen. selected from lower a.kyl. haiogen. hydroxy,, 
haloalky. oyano, ni.ro, oarboxy., amino, alkoxy. ary, or aryl 
op^ a , subsfituted w„h one or more ha.ogen, ha.oaiky., iower 
Z -xy, oyano, alkylsulfonyl, a,ky,,io, ni.ro, oa^no. 
hvdroxyl suifonio acid, sulfonamide, ary,. fused aryl, monocyte 
hlZo-es, or fused monocyclic heferocycles; ary, opf.onally 
sl.uu.ed wKh one or more subs.i.uen. se,eCed from ha,ogen. 
haloa,ky, hydroxy, lower alky,, alkoxy, methylened.oxy, 
h o y V n .. m ., kvltnlo aikylsuifonyl. sulfonic ac.d, 
ethylenedioxy. cyano, nitro, alkyitnio, ai y 

sulfonamide, carboxyl derivatives, amino, aryl, fused ary, 
mo nocyc,ic he.erocycles and fused monocyclic he.erocyc, e 
mon0 cyc,ic heferocycles; and monocyclic heferocycles op f.onally 
Ismutad with one or more subsfiluen, selecfed from halogen, 
haloalkyl, lower alky,, a,koxy. amino, ni.ro. hydroxy, carboxyl 
derivatives, cyano, alkyl.hio, aikylsuifonyl, sulfonic aad, 
sulfonamide, aryl or fused aryl; or 

R > taken together with R' forms a 4-12 membered dinifrogen 
containing he.erocycle op.ionally subs.i.u.ed ^ « «JJ 
subsmuen, selected from .he group consisting of lower alky,, 
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.WoalM, alkylamino. hydroxy. Ke«o, alkoxy. ha,o. phenyl, amino, 
carboxyl or carboxyl ester, and fused phenyl; 

R . taken together with R 7 forms a 4-12 membered he.erocycle 
oontaining one or more heteroatom seleoted from O, N and S 
optionally unsaturated; 

r 2 faken together with R' forms a 5-9 membered he.eroaroma.ic 
rin g optionally substituted with one or more substituen, selected 
from lower alkyl, phenyl, alkoxy and hydroxy; 

R» taken together with R' forms a 5 membered he.eroaroma.ic ring 
fused with a aryl or heteroaryl ring; 

R r (whe n no. taken together with R>) and R' are independently 
selected from the group consisting o, H; alky.; alkenyl; atkynyl; 
aralkyl; amino; alkylamino; hydroxy; alkoxy; arylamino; amtdo. 
alkylcarbonyl, arylcarbonyl; alkoxycarbonyl; aryloxy, 
aryloxycarbonyl; haloalkylcarbonyl; haloalkoxycarbonyl; 
a,ky,thiooarbonyl; aryithiooarbonyl; acyloxymefhoxycarbonyt; 
cycoalky,; bicycloa.kyl; aryl; acy,; benzoyl; alkyl optionally 
substituted with one or more substituen, selected from lower alkyl, 
halogen, hydroxy, haloalkyl, cyano, nitro, carboxyl derivatives, 
amino, alkoxy, thio, alkylthio, sutfonyl, aryl, aralkyl, ary, op„ona„y 
substituted with one or more substituen. selected from halogen, 
haloalkyl, lower alkyl, alkoxy, me.hylenedioxy, ethylened.oxy, 
alkylthio, haloalkylthio. thio, hydroxy, cyano. ni.ro, carboxyl 
derivatives, aryloxy, amido, acylamino, amino, alkylamino 
di a,kylamino, trifiuoroalkoxy, ,ri,luorome.hyl, sulfonyl, afcyts tfony,, 
haloalkylsulfonyl, sulfonic acid, sulfonamide, aryl, fused aryl, 
mo nocyc,ic he.erocyc.es, fused monocyclic he.erocyc es; ary 
op.iona,,y subs,i.u.ed with one or more subs,i.uen, se.ec.ed from 
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halogen, haloalkyl, lower alkyl, alkoxy. me.hylened.oxy, 
ethylenedioxy, alkylthio, haloalkylthio. ,hio. hydroxy, cyano. n,»ro, 
carboxyl derivatives, ary,oxy, amido. acylamino, amino, a.kyam.no, 
dialky.amino. trifluoroalkoxy, frifluoromemylsuKonyl, alky.sulfonyl, 
sulfonic acid, sulfonamide, aryl, fused aryl, monocychc 
heferocycles. or fused monocyclic heferocycles; monocyte 
heterocycles; monocyclic heferocycles optionally subs.,« U .ed w«h 
one or more subsfituen. selected from halogen, haloalkyl, lower 
alkyl, alkoxy, aryloxy, amino, ni.ro, hydroxy, carboxyl derivat.ves. 
cyano, alkylthio, alky.sulfonyl, aryl, fused aryl; monocyclic and 
Jcyclic heterocyc.icalkyls; -SO*" wherein R« is selected from the 
gro up consisting of alkyl, aryl and monocyclic heferocycles all 
optionally substifufed with one or more subs.ifuen, selected from .he 
group consisting of ha.ogen, haloalkyl, alkyl, alkoxy, cyano, n„ro, 
amino, acylamino, .rifluoroalkyl. amido, a.kylaminosulfony.. 
alky.sulfonyl, alkylsulfony.am.no, alkylamino, dialkylam.no, 
•nfluoromethylthio, trifluoroalkoxy. ,rifluorome.hy.sulfonyl, aryl, 
aryloxy, fhio, alkylthio, and monocyclic heferocycles; and 

" ° „io wherein R w is defined above; 
— C-R 

NR' and R» taken .ogefhar form a 4-12 membered mononitrogen 
containing monocyclic or bicyclic ring optionally substituted with one 
or more subsfituen. selected from lower a.ky,. carboxyl derives, 
aryl or hydroxy and wherein said ring optionally conta.ns a 
heteroatom selected from the group consisting of 0. N and S. 

R * is se.ec.ed from the group consisting of H. alkyl, a.kenyl. alkynyl, 
benzyl, and phenethyl; 
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or 



Ais N NR 

R 5 



wherein Y 2 is selected from the group consisting of alkyl; cycioalkyi; 
bicyc.oa.kyl; ary.; monocyclic heterocyc.es; alky, optionally 
substituted with ary. which can also be optionally substituted with 
one or more substituent selected from halo, ha.oalkyl, alkyl, nitro, 
hydroxy, a.koxy, ary.oxy, aryl, or fused aryl; ary. optionally 
substituted with one or more substituent selected from halo, 
haloalky., hydroxy, alkoxy, ary.oxy, aryl, fused aryl, n.tro, ^ 
methylenedioxy. ethy.enedioxy, or alky.; a.kyny.; a.keny.; -S-R and - 
O-R 9 wherein R 9 is selected from the group consisting of H; alkyl, 
aralkyl, aryl; a.keny.; and a.kyny.; or R 9 taken together with R forms 
a 4-12 membered mononitrogen and monosu.fur or monooxygen 
containing heterocyclic ring options.* substituted with lower alky., 
hydroxy, keto, phenyl, carboxy. or carboxy. ester, and fused phenyl; 
or R 9 taken together with R 7 is thiazole; oxazo.e; benzoxazo.e; or 
benzothiazole; and 

R 5 and R 7 are as defined above; 

Y 2 (when Y 2 is carbon) taken together with R 7 forms a 4-12 
membered mononitrogen or dinitrogen containing ring optionally 
substituted with alkyl, aryl, keto or hydroxy; 



N-R 2 

or A,S '5^N-R 7 

R 8 



where R 2 and R 7 taken together form a 5-8 membered dinitrogen 
containing heterocycle optionally substituted with one or more 



-9- 



10 



or 

15 



or 



20 



25 



30 



35 



substituent selected from the group consisting of lower alky., 
hydroxy, alkoxy, keto, phenyl, or carboxyl derivatives; and R « 
selected from the group consisting of alkylcarbonyl, arylcarbonyl, 
alkoxycarbonyl. aryloxycarbonyl, haloalkylcarbonyl, 
haloalkoxycarbonyl, alkylthiocarbonyl, arylthiocarbonyl, or 
acyloxymethoxycarbonyl; and 

R 5 is defined as above 

R* and R 7 taken together form a heteroaromatic ring such as 
imidazole or pyrimidone; 

R 5 

' 2 

N— R 

A is _n=C 

X N-R 7 
R 8 

where R 2 and R 7 taken together form a 5-8 membered dinitrogen 
containing heterocycle optionally substituted with hydroxy, keto, 
phenyl, or alkyi; and 

r° are both selected from the group consisting of alkylcarbonyl, 
arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl, haloalkylcarbonyl, 
haloalkoxycarbonyl, alkylthiocarbonyl, arylthiocarbonyl and 
acyloxymethoxycarbonyl; 

Z' is one or more subslituent selected from the group consisting of 
H aikyl; hydroxy; alkoxy; aryloxy; haiogen; haloatkyl; haloalkoxy; 
nitro- amino; alkylamino; acylamino; dialkylamino; cyano; a.kylth.o; 
alkylsulfonyl; carboxyl derivatives; trihaloacetamide; acetam.de; 
acyf aryl; fused aryl; cycloalkyl; thio; monocyclic heterocycles; 
fused monocyclic heterocycles. and A, wherein A is defined above; 
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V is selected from the group consisting of -N-(R 6 )- wherein R ,s 
selected from the group consisting of H; lower alkyl; cyoloalkyl; 
ara.kyl; aryl; and monocyclic he,erocyc.es; or R s taken together with 
Y, forms a 4-12 membered mononitrogen containing ring, 

Y Y 3 Z and Z 3 are independently selected from the group 
consisting of hydrogen; alkyl; aryl; and cyoloalkyl; or Y and Z taken 
together form a cyoloalkyl; or Y 3 and Z 3 taken together form a 
cycloalkyl; 

n is an integer 1, 2, or 3; 
t is an integer 0, 1 , or 2; 
p is an integer 0, 1 , 2, or 3; 

R is x-R 3 wherein X is selected from the group consisting of O, S 
and NR< wherein R 3 and R 4 are independently selected from the 
group consisting of hydrogen; alkyl; alkenyl; alkynyl; haloalkyi; aryl; 
arylalkyl; sugars; steroids; polyalkylethers; alkylamido; alkyl N.N- 
dialkylamido; pivaloyloxymethyl; and in the case of .he free add, all 
pharmaceutically acceptable salts thereof; 

ri is selected from the group consisting of hydrogen; alkyl; alkenyl; 
alkynyl; aryl; carboxyl derivatives; haloalkyi; cyoloalkyl; monocydio 
heterocycles; monocyclic heterocycles optionally substituted with 
alkyl halogen, haloalkyi. oyano, hydroxy, aryl, fused aryl, nitro. 
alkoxy. aryloxy, alkylsulfonyl, arylsulfonyl, sulfonamide, thio, 
alkylthio, carboxyl derivatives, amino, amido; 

alkyl optionally substituted with one or more of halo, haloalkyi, 
hydroxy, alkoxy, aryloxy, thio, alkylthio, alkynyl, alkenyl, alkyl, 
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ary..hio a.kylsulfoxide, alkylsulfonyl, arylsulfoxide, arylsulfonyl. 
cyano. ni.ro, amino. aiKy.amino, dialkylamino. alkylsulfonamide, 
arylsulfonamide. acylamida. carboxy, derivatives, sui.onam.da, 
sulfonic acid, phosphonic acid derivatives, phosphinrc ac,d 
derivatives, aryl, arylthio, arylsulfoxide. or arylsulfone all o P „ona„y 
substituted on the aryl ring with halo, alky., haloalkyl, cyano, nt.ro, 
hydroxy, carboxy, derivatives, alkoxy, aryloxy, amino, alkylamrno, 
dialkylamino, amido, aryl, .used aryl, monocyclic he.erocycles; and 
, u sed monocyclic he.erocycles, monocyclic heterocyclics 
mo nocyclic h e.erocyclicsulfoxide, and monocyclic heterocyclic 
sulfone, which can be op.ional.y substituted with halo, haloalkyl, 
ni.ro, hydroxy, alkoxy, .used aryl, or alkyl; 

alkylcarbonyl, haloalkylcarbonyl. and arylcarbonyl. 

aryl optionally subs.itu.ed in one or more positions with halo, 
h aloa,kyl, alkyl, alkoxy, aryloxy, me«hylenedioxy, e.hy.enediox, , 
alky,.hio, haloalkyl.hio, .hio, hydroxy, cyano, ni.ro, acyloxy, carboxyl 
derivatives, carboxyalkoxy; amido, acylamino, amino, alkylammo 
dialkylamino, .rifluoroalkoxy, tri.luorome.hy.sul.ony., alky.sul.onyl 
sulfonic acid, sul.onamide, aryl, .used aryl, monocyclic he.erocycles 
and fused monocyclic heterocycles, and 
O R 7 

II / 

"~ C_Nx R 8 wherein R 7 and R 8 are as defined above and 
provided that taken together with the nitrogen, R 7 and R 8 comprise 
an amino acid; 
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R « is selected from the group consisting of H, alky,, aralky., alkenyl, 
alkynyl. haloalky, or haloalkynyl or R« taken together with Y forms a 
4-12 membered mononitrogen containing ring. 

„ is another object of the invention to provide pharmaceutical 
^positions comprising compounds o, the Formula ,. Such compounds 
and compositions are usefu, in seiectiveiy inhibiting or an.agon.ang the 
2 P3 integrin and therefore in another embodiment the present invention 
rel a,es to a method of selectively inhibiting or antagonizing the av 03 
inte grin The invention further involves treating or inhibiting patholog.cal 
conditions associated therewith such as osteoporosis, humoral 
hyp erca,cemia o, malignancy. Pagefs disease, fumor metastasis, so„d 
Jl growth (neoplasia,, angiogenesis. including tumor ang*genes,s, 
ret inopa.hy including macular degeneration and diabet.c retinopathy, 
arthritis, including rheumatoid arthritis, periodontal disease, psonas.s, 
1th muscle ce,l migration and restenosis in a mamma, ,n need of such 
"Ln, Additionally, such pharmaceutical agents are usefu, as ant,v,ra, 
agents, and antimicrobials. 

p^o.iort inscription 

The present invention re,a.es to a Cass of compounds represented 

by the Formula I, described above. 

A preferred embodiment of the present invention is a compound of 

the Formula II 

O 



: Het 1 



y\? (CH2>[ 

-CH 



30 
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wherein 



x! 

! Het • 



is 



I 32 



wberein R 32 is H, a,M, a—. -l-"^*^ 

lhe a , kv i group is optionally substituted by one or mora subshtuant 
e ,a Zba g oup consisting o, hydroxy, alKoxy, amino. alMam.no. 

the other variables are as described in Formula I. 

Another preferred embodiment of the present invent.on ,s a 

compound of the Formula III 



(CH 2 ) 




O 



wherein 



20 



optionaliy substituted and the other variables are as defined above in 

FOmU Another preferred embodiment of the present invention is a 
compound of the Formula IV 



Het j 



o 



Z/n 



(CH 2 ) 
I 

N-CH 



25 
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wherein 



^Het ) 

x y ' 



optionally 



substituted and the other variables are as defined above in 
10 FOrmU tnother preferred embodiment of the present invention is a 



compound of the Formula V 



iHet ! 




o 

Ah 



15 



wherein 



X 1 . 
J Het . 

v y 7 



,s f // 
N-N 

R 32/ 



optionally 



substituted and the Cher variables are as defined above ,n 

20 FOrmU Another preferred embodiment of the present invention is a 
compound of the Formula VI 



(CH 2 ) P 
I 

CH 



25 
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wherein ; Het - j S \ v / 

optionally substituted and the other variab.es are as defined above in 

10 Formula I. 

The invention further relates t0 pharmaceutical composes 

containing therapeuticaiiy effective amounts o, the compounds o, Formutas 

'" Vl The invention aiso retates to a method of selective.y inhibiting or 
„ antagonizing the a, P , in.egrin and more specifically reiates to a method of 
inhibiting bone resorption, periodon.ai disease, osteoporos.s, humoral 
hypercalcemia of matignancy, Pagefs disease, tumor metastasis, so.td 
tumor growth (neopiasia), angiogenesis, inctuding tumor angiogenes.s, 
retinopathy inctuding macuiar degeneration and diabetic re„nopa.hy, 
» Ll. rncluding rheumatoid arthritis, smooth muscte cet, mtgra ton and 
restenosis by administering a therapeutically effective amount of a 
compound of the Formula l-VI to achieve such inhibition together w,th a 
pharmaceutical acceptable carrier. 

The following is a list of definitions of various terms used here.n. 
As used herein, the terms "alKyl" or "lower alky." refer to a stratgh, 
chain or branched chain hydrocarbon radicals having from about 1 to 
about 10 carbon atoms, and more preferably 1 to about 6 carbon atoms. 
Examples of such alky, radicals are methyl, ethyl, n-propyl, isopropyl, n- 
outyl, isobufyl, sec-buty,, ,-bu.yl, pentyl, neopentyl, hexyl, isohexyl, and the 

30 " Ke ' As used herein the terms "alkenyF or "lower alkenyl" refer to 
unsaturated acyclic hydrocarbon radicals containing a. 
b ond and 2 to about 6 carbon atoms, which carbon-carbon doubte bond 
may have either cis or trans geometry within the aikeny, moiety, rela.tve to 

36 "roups substituted on the double bond carbons. Examples c, such groups 
are e.henyl, propenyl, butenyl, isobutenyl, pentenyl, hexeny, and the like. 
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As used herein the terms "alkynyl" or "lower alkynyl" refer to acyclic 
hydrocarbon radicals containing one or more triple bonds and 2 to about 6 
carbon atoms. Examples of such groups are ethynyl, propynyl. butynyl. 

pentynyl, hexynyl and the like. 

' The term "cycloalkyl" as used herein means saturated or partially 
unsaturated cyclic carbon radicals containing 3 to about 8 carbon atoms 
and more preferably 4 to about 6 carbon atoms. Examples of such 
cycloalkyl radicals include cyclopropyl, cyclopropenyl. cyclobutyl, 
cyclopentyl, cyclohexyl, 2-cyclohexen-1-yl, and the like. 

The term "aryl" as used herein denotes aromatic ring systems 
composed of one or more aromatic rings. Preferred aryl groups are those 
consisting of one, two or three aromatic rings. The term embraces 
aromatic radicals such as phenyl, pyridyl, naphthyl, thiophene, furan, 

biphenyl and the like. 

As used herein, the term "cyano" is represented by a radical of the 

, f— CN - 
formula « 

The terms "hydroxy" and "hydroxyl" as used herein are synonymous 

. I— OH . 

and are represented by a radical of the formula ? 
The radical of the formula 

: het: 

v ^ y 

refers to a 5-10 membered monocyclic or bicyclic heterocyclic ring, 
optionally containing unsaturation, containing 1 to 3 hetero atoms selected 
from the group consisting of O, N and S; wherein X 1 is CH, N, O or S. 
Representative examples of the radical include pyridones, pyridines, 
pyrimidines, imidazoles, oxazoles, isoxazoles, thiazoles, pyridazines, 
) thiophenes, furans, pyrazoles and bicyclic heterocyclics such as 
benzimidazole, imidazopyridine, benzofuran and the like. 



- 17 - 



5 The term "lower alkylene" or "alkylene" as used herein refers to 

divalent linear or branched saturated hydrocarbon radicals of 1 to about 6 
carbon atoms. 

As used herein the term "alkoxy" refers to straight or branched 
chain oxy containing radicats o, the formula -OR", wherein R>° is an alkyl 
10 group as defined above. Examples of alkoxy groups encompassed rnclude 
methoxy, e.hoxy, n-propoxy, n-bu.oxy, isopropoxy, isobutoxy, seo-butoxy, 

t-butoxy and the like. 

As used herein the terms "ary.a.ky." or "ara.kyl" refer to a rad.cal of 

15 the formula wherein R 21 is aryl as defined above and 

R» is an alkylene as defined above. Examples of aralky. groups .nclude 
benzyl, pyridylmethyl, naphthylpropyl, phenethyl and the l.ke. 

As used herein the term "nitro" is represented by a radical of the 
, I— N0 2 • 

formula ? " „w«r« 
As used herein the term "halo" or "halogen" refers to bromo. chloro, 

fluoro or iodo. ^ r . na M 
As used herein the term "haloalkyl" refers to alkyl groups as deftned 
above subsfifuted with one or more of .he same or different halo groups a. 
one or more carbon atom. Examples of haloalkyl groups include 
as trifluoromethyl, dichloroethyl. fluoropropyl and the like. 

As used herein the term "carboxyl" or "carboxy" refers to a rad.cal of 

the formula -COOH. 

As used herein the term "carboxyl ester" refers to a rad.cal of the 
formula -COOR 23 wherein R 23 is selected from the group consisting of H, 
30 alkyl, aralkyl or aryl as defined above. 

As used herein the term "carboxy. derivative" refers to a rad.cal of 

Y 5 

the formula -C-Y 7 R 23 wherein Y 6 and Y 7 are independently selected 
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»■ „ «f n M or S and R 23 is selected from the group 
5 from the group consisting of O, N or b ana k 

consisting of H, alkyl, aralkyl or aryl as defined above. 

As used herein the term "amino" is represented by a radical of the 

"^ed herein the term "alkylsu.fony." or "alMsuKone" refers to a 

10 radic a, of the formula wherein R 24 is alkyl as defined above. 

o 

As used herein the term "alkylthio" refers to a radica. of the formula 
-SR 24 wherein R 24 is alkyl as defined above. 
1 5 As used herein the term "sulfonic acid" refers to a 



o 



20 



radi ca, of the formula H- OR25 wnereinR* is atky, as defined 

o 

above. 

As used herein the term "sulfonamide" refers to a radical of the 



|__1_ N /R wnere in R 7 and R 8 are as defined above. 



formula 

O R 
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As used herein the term 'fused aryl" refers to an aromatic ring such 
as the aryl groups defined above fused to one or more phenyl m*. 
Embraced by the ferm 'fused aryl" is the radical naph.hy. and .he like. 

As used herein the terms "monocyclic heterocycle" or "monocyclic 
heterocyclic" refer to a monocyclic ring containing from 4 to about 12 
atoms, and more preferably from 5 to about 10 afoms. where.n 1 fo 3 of the 
atoms are heferoa.oms selected from the group consisting of oxygen 
nilr0 gen and sulfur with the understanding that if two or more different 

tte.eroa.oms are presen, a, leas, one o, .he he.eroa.oms mus. be n,.rogen. 

Representative of such monocyclic he.erocyc.es are imidazole, furan, 

pyridi ne. oxazole, pyran, triazole, thiophene, pyrazole, .htazole, 

thiadiazole, and the like. 



• 



10 



As used herein the term '^used monocyclic heterocycle" refers to a 
monocyclic heterocycle as defined above with a benzene fused thereto. 
Examples of such fused monocyclic heterocycles include benzofuran. 
benzopyran, benzodioxole, benzothiazole, benzo.hiophene. benzimidazole 

and the like. °N 
As used herein the term "methylenedioxy" refers to the rad.cal ^_ Q S 

t— ° 



and the term "ethylenedioxy" refers to the radical t ^ 



As used herein the term "4-12 membered dinitrogen containing 

|| (C^2)m=1-9 

heterocycle refers to a radical of the formula ^ 



R 19 
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wherein m is 1 or 2 and R 19 is H, a.Kyl, aryl. or aralkyl and more preferably 
refers to 4-9 membered ring and includes rings such as im.dazol.ne. 

As used herein the term "5-membered optionally substituted 
heteroaromatic ring" includes for example a radical of the formula 

/X N N 
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N or u' 
H H 

and »5-membered heteroaromatic ring fused with a phenyl" refers to such a 
••5-membered heteroaromatic ring" with a phenyl fused thereto. 
Representative of such 5-membered heteroaromatic rings fused w.th a 

phenyl is benzimidazole. 

As used herein the term "bicycloalkyl" refers to a bicyclic 
hydrocarbon radical containing 6 to about 12 carbon atoms which is 
saturated or partially unsaturated. 

As used herein the term "acyl" refers to a radical of the formula 

O 

u 

Y C " r26 wherein R 26 is alkyl, alkenyl, alkynyl, aryl or aralkyl and 
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5 optionally substituted thereon as defined above. Encompassed by such 
radical are the groups acetyl, benzoyl and the like. 

As used herein the term "thio" refers to a radical of the formula 

| — SH.. 

As used herein the term "sulfonyl" refers to a radical of the formula 
O 10 

f_S-R 27 wherejn R 27 |S alkyl) aryl or aralkyl as defined above. 

1 n 
O 

As used herein the term "haloalkylthio" refers to a radical of the 
formula -S-R 28 wherein R 28 is haloalkyl as defined above, 
i 5 As used herein the term "aryloxy" refers to a radical of the formula 

|_ OR 29 wherein R 29 is aryl as defined above. 

As used herein the term "acylamino" refers to a radical of the 



formula R 30 -c~ NH H wnerein R 3° is a | ky |, aralkyl or aryl as defined 
20 above. 

As used herein the term "amido" refers to a radical of the formula 

O 
H 

~~C-NH 2 . 

As used herein the term "alkylamino" refers to a radical of the 
formula -NHR 32 wherein R 32 is alkyl as defined above. 

As used herein the term "dialkylamino" refers to a radical of the 
formula -NR^R 34 wherein R 33 and R 34 are the same or different alkyl 

groups as defined above. 

As used herein the term "trifluoromethyl" refers to a radical of the 

formula * 
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formula 



As used herein the term "trifluoroalkoxy" refers to a radical of the 
F 3 C-R^-0-f wherejn r35 js a bond or an alkylene as 
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defined above. 

As used herein the term "alkylaminosulfonyl" refers to a radical of 



the formula R 36 -N-S-f wherein R 36 is alkyl as defined above. 

H O 

10 As used herein the term "alkylsulfonylamino" refers to a radical of 

o 

the formula R 36 -s -nh -| wherein R 3S is alkyl as defined above. 

o 

As used herein the term "trifluoromethylthio" refers to a radical of 

F 3 C — S — I • 
15 the formula * 

As used herein the term "trifluoromethylsulfonyl" refers to a radical 

O 

of the formula F 3 C-S — | ■ 

O 

20 

As used herein the term "4-12 membered mono-nitrogen containing 
monocyclic or bicyclic ring" refers to a saturated or partially unsaturated 
monocyclic or bicyclic ring of 4-12 atoms and more preferably a ring of 4-9 
atoms wherein one atom is nitrogen. Such rings may optionally conta.n 
25 additional heteroatoms selected from nitrogen, oxygen or sulfur. Included 
within this group are morpholine, piperidine, piperazine, thiomorpholine, 
pyrrolidine, proline, azacycloheptene and the like. 

As used herein the term "benzyl" refers to the radical 

|_ch 2 -^3 

30 As used herein the term "phenethyl" refers to the radical 

i — CH2CH2 — 

As used herein the term "4-12 membered mono-nitrogen containing 
monosulfur or monooxygen containing heterocyclic ring" refers to a ring 
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5 consisting of 4 to 1 2 atoms and more preferably 4 to 9 atoms wherein at 
least one atom is a nitrogen and at least one atom is oxygen or sulfur. 
Encompassed within this definition are rings such as thiazoline and the 
like. 

As used herein the term "arylsulfonyl" or "arylsulfone" refers to a 



1° „ II 



radical of the formula R 3 - § -\ wherein R 37 is aryl as defined above. 

O 

As used herein the terms "alkylsulfoxide" or "arylsulfoxide" refer to 



O 



15 radicals of the formula R 38 -S-f wherein R 38 is, respectively, alkyl or 

aryl as defined above. 

As used herein the term "phosphonic acid derivative" refers to a 



O 

Ji .... oi „ D 39 anr| R 40 



radical of the formula |-P -OR 39 wherein R 39 and R- are the same or 



OR 40 

20 



different H, alkyl, aryl or aralkyl. 

As used herein the term "phosphinic acid derivatives" refers to a 



radical of the formula _J_OR 41 wherein R 41 is H, alkyl, aryl or aralkyl 

H 

25 as defined above. 

As used herein the term "arylthio" refers to a radical of the formula 

f - SR42 wherein R 42 is aryl as defined above. 

As used herein the term "monocyclic heterocycle thio" refers to a 

radical of the formula f-SR 43 wherein R 43 is a monocyclic heterocycle 

30 

radical as defined above. . 
As used herein the terms "monocyclic heterocycle sulfoxide and 

•■monocyclic heterocycle sulfone" refer, respectively, to radicals of the 
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0 ?i 
formula f— S-R 43 and |— S-R 43 wherein R 43 is a monocyclic 

O 

heterocycle radical as defined above. 

As used herein the term "alkylcarbonyl" refers to a radical of the 
O 

formula R 5 °-C— wherein R 50 is alkyl as defined above. 

As used herein the term "arylcarbonyl" refers to a radical of the 

O 

formula r51 - c — wherein R 51 is aryl as defined above. 

As used herein the term "alkoxycarbonyr refers to a radical of the 

O 

formula r52 - c — wherein R 52 is alkoxy as defined above. 

As used herein the term ••aryloxycarbonyl" refers to a radical of the 

O 

formula R 51 -0-C— wherein R 51 is aryl as defined above. 

As used herein the term "haloalkylcarbonyl" refers to a radical of the 

O 

formula r53 -C— wherein R 53 is haloalkyl as defined above. 

As used herein the term "haloalkoxycarbonyr refers to a radical of 
O 

the formula R 53 -°-C— wherein R 53 is haloalkyl as defined above. 

As used herein the term "alkylthiocarbonyl" refers to a radical of the 
O 

formula R 5 °-S-C— wherein R 50 is alkyl as defined above. 

As used herein the term "arylthiocarbonyr refers to a radical of the 
O 

_„ II 

formula R -S-C— wherein R 51 is aryl as defined above. 
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As used herein the term "acyloxymethoxycarbonyl" refers to a 

O 

54 " 

radical of the formula R -°" CH 2-°-C wherein R 54 is acyl as 
defined above. 

As used herein the term "arylamino" refers to a radical of the 
formula R 51 -NH- wherein R 51 is aryl as defined above. 

As used herein the term "polyalkylether" refers to commonly used 
glycols such as triethyleneglycol, tetraethylene glycol, polyethylene glycol 
and the like. 

As used herein the term "alkylamido" refers to a radical of the 
O 

50 " 

formula R - NH " C — wherein R 50 is alkyl as defined above. 

As used herein the term "N.N-dialkylamido" refers to a radical of the 

R 5 V n 

formula r5 °' wherein R 50 is the same or different alkyl group as 

defined above. 

As used herein the term "pivaloyloxymethyl" refers to a radical of 
O 

Me^ n 

j:c-c-o-ch 2 — 

Me ' 
the formula me 

As used herein the term "acyloxy" refers to a radical of the formula 
R 55 -0- wherein R 55 is acyl as defined above. 

The term "composition" as used herein means a product which 
results from the mixing or combining of more than one element or 
ingredient. 

The term "pharmaceutically acceptable carrier", as used herein 
means a pharmaceutically acceptable material, composition or vehicle, 
such as a liquid or solid filler, diluent, excipient, solvent or encapsulating 
material, involved in carrying or transporting a chemical agent. 

The term "therapeutically effective amount" shall mean that amount 
of drug or pharmaceutical agent that will elicit the biological or medical 
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5 response of a tissue, system or animal that is being sought by a 

researcher or clinician. 

The following is a list of abbreviations and the corresponding 

meanings as used interchangeably herein: 

1 H-NMR = proton nuclear magnetic resonance 
10 AcOH = acetic acid 

Ar = argon 

BH 3 -THF = borane-tetrahydrofuran complex 
Bn = benzyl 

BOC = tert-butoxycarbonyl 
15 ButLi = butyl lithium 

Cat. = catalytic amount 
CDMT = 2-chloro-4,6-dimethoxytnazine 
CH2CI2 = dichloromethane 
CH 3 CN = acetonitrile 



20 



25 



CHN I ™-"r e bon/hydro 9 en/ni, rog en e—l analysis 
CHNCI analysis = carbon/hydrogen/nitrogen/chlonne elemental 

ni->ol\/cic 



analysis 

CHNS analysis = carbon/hydrogen/nitrogen/sulfur elemental 

analysis 

DAST = diethylaminosulfur trifluoride 
DCC = 1,3-dicyclohexylcarbodiimide 
DCM = dichloromethane 
DIBAL = diisobutylaluminum hydride 
$0 DIEA = diisopropylethylamine 

Dl water = deionized water 
DMA = N,N-dimethylacetamide 
DMAC = N.N-dimethylacetamide 
□MAP = 4-(N,N-dimethylamino)pyridine 
35 DMF = N.N-dimethylformamide 

DSC = disuccinyl carbonate 

EDCI = l-(3-dimethylaminopropyl)-3-ethylcarbodnmide 
hydrochloride 

Et = ethyl 
40 Et 2 0 = diethyl ether 

Et 3 N = triethylamine 
EtOAc = ethyl acetate 
EtOH = ethanol 

FAB MS = fast atom bombardment mass spectroscopy 

45 g = gram(s) 

GIHA = mera-guanidinohippunc acid 

GIHA HCI = meta-guanidinohippuric acid hydrochloride 
Gly = glycine 

HMPA = hexamethylphosphoramide 
50 HOBT = 1 -hydroxybenzotriazole hydrate 
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HPLC = high performance liquid chromatography 

IBCF = isobutylchloroformate 

i-Pr = iso propyl 

i-Prop = iso propyl 

K 2 C0 3 = potassium carbonate 

KMn0 4 = potassium permanganate 

KOH = potassium hydroxide 

KSCN = potassium thiocyanate 

L = Liter 

LiOH = lithium hydroxide , . . 

MCPBA = m-chloroperoxybenzoic acid or m-chloroperbenzo.c acid 

Me = methyl 

Mel = methyl iodide 

MeOH = methanol 

MEMCI = methoxyethoxy methyl chloride 

MesCI = methanesulfonylchloride 

mg = milligram 

MgS0 4 = magnesium sulfate 

ml = milliliter 

mL = milliliter 

MS = mass spectroscopy 

MTBE = methyl t-butyl ether 

N 2 = nitrogen 

NaCNBH 3 = sodium cyanoborohydride 
NaH - sodium hydride 
NaHC0 3 = sodium bicarbonate 
NaOH = sodium hydroxide 
NaOMe = sodium methoxide 
Na 2 P0 4 = sodium phosphate 
Na 2 S0 4 = sodium sulfate 
NEt 3 = triethylamine 
NH 4 HC0 3 = ammonium bicarbonate 
NH/HCO2" = ammonium formate 
NH 4 0H = ammonium hydroxide 
NMM = N-methylmorpholine 
NMP = 1-methyl-2-pyrrolidinone 
NMR = nuclear magnetic resonance 
Pd/C = palladium on carbon 
Ph = phenyl 

Pt/C = platinum on carbon 

RPHPLC = reverse phase high performance liquid 

chromatography 
RT = room temperature 
t-BOC = tert-butoxycarbonyl 
TFA = trifluoroacetic acid 
THF = tetrahydrofuran 
TLC - thin layer chromatography 
TMEDA = tetramethylethylenediamine 
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TMS = trimethylsilyl 

A = heating the reaction mixture 

The compounds as shown in Formulas l-VI can exist in various 

isomeric forms and all such isomeric forms are meant to be included. 

Tautomeric forms are also included as well as pharmaceutical^ acceptable 

salts of such isomers and tautomers. 

In the structures and formulas herein, a bond drawn across a bond 

of a ring can be to any available atom on the ring. 

The term "pharmaceutically acceptable salt" refers to a salt 

prepared by contacting a compound of Formula I with an acid whose anion 
is generally considered suitable for human consumption. Examples of 
pharmacologically acceptable salts include the hydrochloride, 
hydrobromide, hydroiodide, sulfate, phosphate, acetate, propionate, 
lactate, maleate, malate, succinate, tartrate salts and the like. All of the 
pharmacologically acceptable salts may be prepared by conventional 
means. (See Berge et al., J Phajm ScL, 66(1), 1-19 (1977) for additional 
examples of pharmaceutically acceptable salts.) 

For the selective inhibition or antagonism of a v p 3 integrins, 
compounds of the present invention may be administered orally, 
parenteral, or by inhalation spray, or topically in unit dosage formulations 
containing conventional pharmaceutically acceptable carriers, adjuvants 
and vehicles. The term parenteral as used herein includes, for example, 
subcutaneous, intravenous, intramuscular, intrasternal, infusion 

techniques or intraperitonally. 

The compounds of the present invention are administered by any 
suitable route in the form of a pharmaceutical composition adapted to such 
a route, and in a dose effective for the treatment intended. Therapeutically 
effective doses of the compounds required to prevent or arrest the 
progress of or to treat the medical condition are readily ascertained by one 
of ordinary skill in the art using preclinical and clinical approaches familiar 
to the medicinal arts. 
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Accordingly, the present invention provides a method of treating 
conditions mediated by selectively inhibiting or antagonizing the <x v p 3 cell 
surface receptor which method comprises administering a therapeutically 
effective amount of a compound selected from the class of compounds 
depicted in Formulas l-VI, wherein one or more compounds of the 
Formulas l-VI is administered in association with one or more non-toxic, 
pharmaceutical^ acceptable carriers and/or diluents and/or adjuvants 
(collectively referred to herein as "carrier" materials) and if desired other 
active ingredients. More specifically, the present invention provides a 
method for inhibition of the a v p 3 cell surface receptors. Most preferably 
the present invention provides a method for inhibiting bone resorption, 
treating osteoporosis, inhibiting humoral hypercalcemia of malignancy, 
treating Paget's disease, inhibiting tumor metastasis, inhibiting neoplasia 
(solid tumor growth), inhibiting angiogenesis including tumor angiogenesis, 
treating retinopathy including macular degeneration and diabetic 
retinopathy, inhibiting arthritis, psoriasis and periodontal disease, and 
inhibiting smooth muscle cell migration including restenosis. 

Based upon standard laboratory experimental techniques and 
procedures well known and appreciated by those skilled in the art, as well 
as comparisons with compounds of known usefulness, the compounds of 
Formula I can be used in the treatment of patients suffering from the above 
pathological conditions. One skilled in the art will recognize that selection 
of the most appropriate compound of the invention is within the ability of 
one with ordinary skill in the art and will depend on a variety of factors 
including assessment of results obtained in standard assay and animal 
models. 

Treatment of a patient afflicted with one of the pathological 
conditions comprises administering to such a patient an amount of 
compound of the Formula I which is therapeutically effective in controlling 
the condition or in prolonging the survivability of the patient beyond that 
expected in the absence of such treatment. As used herein, the term 
"inhibition" of the condition refers to slowing, interrupting, arresting or 



-29- 



5 stopping the condition and does not necessarily indicate a total elimination 
of the condition. It is believed that prolonging the survivability of a patient, 
beyond being a significant advantageous effect in and of itself, also 
indicates that the condition is beneficially controlled to some extent. 

As stated previously, the compounds of the invention can be used in 
10 a variety of biological, prophylactic or therapeutic areas. It is contemplated 
that these compounds are useful in prevention or treatment of any disease 
state or condition wherein the a v p 3 integrin plays a role. 

The dosage regimen for the compounds and/or compositions 
containing the compounds is based on a variety of factors, including the 
15 type, age, weight, sex and medical condition of the patient; the severity of 
the condition; the route of administration; and the activity of the particular 
compound employed. Thus the dosage regimen may vary widely. Dosage 
levels of the order from about 0.01 mg to about 1 000 mg per kilogram of 
body weight per day are useful in the treatment of the above-indicated 
20 conditions. 

The active ingredient administered by injection is formulated as a 
composition wherein, for example, saline, dextrose or water may be used 
as a suitable carrier. A suitable daily dose would typically be about 0.01 to 
10 mg/kg body weight injected per day in multiple doses depending on the 

25 factors listed above. 

For administration to a mammal in need of such treatment, the 
compounds in a therapeutically effective amount are ordinarily combined 
with one or more adjuvants appropriate to the indicated route of 
administration. The compounds may be admixed with lactose, sucrose, 

30 starch powder, cellulose esters of alkanoic acids, cellulose alkyl esters, 
talc, stearic acid, magnesium stearate, magnesium oxide, sodium and 
calcium salts of phosphoric and sulphuric acids, gelatin, acacia, sodium 
alginate, polyvinylpyrrolidone, and/or polyvinyl alcohol, and tableted or 
encapsulated for convenient administration. Alternatively, the compounds 

35 may be dissolved in water, polyethylene glycol, propylene glycol, ethanol, 
corn oil, cottonseed oil, peanut oil, sesame oil, benzyl alcohol, sodium 
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chloride, and/or various buffers. Other adjuvants and modes of 
administration are well and widely known in the pharmaceutical art. 

The pharmaceutical compositions useful in the present invention 
may be subjected to conventional pharmaceutical operations such as 
sterilization and/or may contain conventional pharmaceutical adjuvants 
such as preservatives, stabilizers, wetting agents, emulsifiers, buffers, etc. 

The general synthetic sequences for preparing the compounds 
useful in the present invention are outlined in Schemes 1-15. Both an 
explanation of, and the actual procedures for, the various aspects of the 
present invention are described where appropriate. The following 
Schemes and Examples are intended to be merely illustrative of the 
present invention, and not limiting thereof in either scope or spirit. Those 
with skill in the art will readily understand that known variations of the 
conditions and processes described in the Schemes and Examples can be 
used to synthesize the compounds of the present invention. 

Unless otherwise indicated all starting materials and equipment 
employed were commercially available. 
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Schemes 1-3 are illustrative of methodology useful for preparing the 
guanidinopyridine/cycloguanidino pyridine carboxylic acid portions of the 
present invention which are used for coupling to the gly-p-amino acid 
portion. This can be accomplished using other appropriate guanidating 
reagents known to those skilled in the art. The methodologies of Schemes 
1-3 can be modified using conventional techniques and methods to 
prepare alternate compounds useful for coupling to the gly-|3-amino acid 
portion. 



-35- 



SCHEME 4 



1) EtOH 

OEt " 

O 2) NH4OH 



C0 2 Et 



HN^.NH 2 

T 
NH 



1) NaOH 
H 2 0/EtOH 

2) HCI 



.C0 2 H 

<i N 
HN NH 2 

T 

NH 
(A13) 



HCI 
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Scheme 4 is illustrative of methodology used for preparing the 
guanidinothiazole carboxylic acid portion of the present invention which is 
used for coupling to the gly-p-amino acid portion. The methodology of 
Scheme 4 can be modified using conventional techniques known to those 
skilled in the art to prepare this and alternate compounds useful for 
coupling to the gly-p-amino acid portion. 
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SCHEME 5 
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Scheme 5 illustrates methodology useful for preparing the ethyl N- 
g|y-amino-3-(3,5-dihalo-2-hydroxy) phenyl propionate portion of the 
compounds of the present invention. Briefly, 3,5-halo substituted 
salicylaldehydes (halo substituted -2-hydroxybenzaldehydes) were 
prepared by direct halogenation. For example, 5-bromosalicylaldehyde is 
slurried in acetic acid and an equivalent or more of chlorine is added to 
produce 3-chloro-5-bromo-2-hydroxybenzaldehyde. 

Some product precipitates and is recovered by filtration. The 
remainder is recovered by diluting the filtrate with water and isolating the 
precipitate. Combining the solids and drying gives 3-chloro-5-bromo-2- 
hydroxybenzaldehyde. 3-iodo-5-chlorosalicylaldehyde was prepared by 
reacting 5-chlorosalicylaldehyde with N-iodosuccinimide in DMF and 
subjecting the reaction mixture to conventional work-up conditions. 3-iodo- 
5-bromosalicylaldehyde can be prepared by reacting 5- 
bromosalicylaldehyde in acetonitrile with potassium iodide and chloramine 
T. Conventional work-up gives a material that when treated with hexanes 
gives the desired 3-iodo-5-chlorosalicylaldehyde. 

Coumarins are readily prepared from salicylaldehydes using a 
modified Perkin reaction (e.g., Voge/'s Textbook of Practical Organic 
Chemistry, 5 th Ed., 1989, p. 1040). The halo-substituted coumarins were 
converted to 3-aminohydrocoumarins (see J.G. Rico, Tett. Let. , 1994, 35, 
6599-6602) which were readily opened in acidic alcohol to give 3-amino-3- 
(3,5-halo-2-hydroxy)phenyl propanoic acid esters. 

3-amino-3-(3,5-halo-2-hydroxy)phenyl propanoic acid esters were 
converted to N-gly-3-amino-3(3,5-halo-2hydroxy)phenyl propanoic acid 
esters by reaction of Boc-N-gly-N-hydroxysuccinimide to give Boc-N-gly-3- 
amino-3-(3,5-halo-2-hydroxy)phenyl propanoic acid esters that were 
converted to HX salts of N-g.ly-3-amino-3-(3,5-halo-2-hydroxy)phenyl 
propanoic acid esters (wherein X is CI, Br or I). 




Scheme 6 illustrates methodology useful for coupling the 
heterocyclic acid portion (A1-A13) to the gly-p-amino portion (C) of the 

present invention. 

Synthesis of A1-A13 is illustrated in Schemes 1-4 and synthesis of 
(C) is illustrated in Scheme 5 (where X and Y were halogen, same or 
different). 

Such methodology can be modified using conventional methods 
known to those with ordinary skill in the art. 
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SCHEME 7 



H0 2 C / ^C0 2 H 



Ste&A 

+ R 1 CHO + NH 4 + CH 3 C0 2 ' 



H 2 N- 



-C0 2 H 



R 3 OH^ 
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H 2 N 
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Scheme 7 il.us.ra.es me.hodo.ogy for preparing .he g.y-P-amino acid 
portion of the molecule (F) in a general manner. 

A>dehydes(R'CHO) used in .his methodology are erther 

commonly known to those with ordinary skill in .he art. _ 
A1 , other ,eagen.s are commercially available or can be readily 
synthesized by one skilled in the art. 

Such methodologies and condrtrons can be 
conventional .echnigues to produce similar desired in.e, m ed,a.es. 
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Scheme 8 illustrates methodology useful for coupling the 
heterocyclic acid portion (A1-13) to a gly-p-amino acid portion (F) to 
prepare compounds of the present invention. 

The synthesis of A1 -1 3 is illustrated in Schemes 1 -4 and the 
synthesis of (F) is illustrated in Scheme 7. 

Such methodology can be modified using conventional methods 
known to those with ordinary skill in the art. 

Schemes 9-12 illustrate general methodology for preparing 
compounds of the present invention. 



45 



Scheme 9 illustrates the general methodology for the synthesis of 
the heterocycle derived gly-p-amino acid coupled target compounds. The 
reaction of the heterocyclic carboxylic acid with gly-p-amino acid under 
peptide coupling conditions gives the intermediate (2). Reduction of the 
nitro group using catalytic hydrogenation (e.g. Pt/C. H 2 ) gives the amino 
intermediate (3). This transformation may also be carried out chemically 
using SnCI 2 . The amino group can be elaborated to guanidino or other 
functional groups of Formula I using the methodologies discussed above. 



CO 
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Alternatively, the target compounds may be synthesized by building 
,he left hand portion of the molecule prior to coupling with the gly-p-am,no 
acid (Scheme 10). The amino functionality of the heterooycte am.ne (1) ts 
functioned to the guanidine or other groups (A, Formula I) and then 
coupled to the gly-p-amino acid under standard coupling cond,t,ons. 
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Scheme 1 1 shows a general synthesis of substituted pyridines and 
pyridone dertved target compounds. Nitration of 6-hydroxynico.inic acd 
Mowed by ch.orina.ion gives 6-ch,oro-5-ni.,onico,inic acid. Coup.rng of 
the intermediate 3 with the g.y-P-amino acid gives the product 4 The 
chloro group in versatiie intermediate 4 can be readiiy displaced by a 
variety of nucleophiles to give 5. Reduction of the ni.ro group on 4 or 5 

and further elaboration o, .he amino group as discussed in Scheme 9 g,ves 

the target compounds. 
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Scheme 12 shows the synthesis of substituted pyridine and pyridone 
derived .arget compounds sterling with 2-amino-6-hydroxy P ridine-4-carboxyl,c 
acid The starting material 1 used in the scheme may be prepared by reactrng 
commercially available 2-chloro-6-me.hoxy.pyridine-4-carboxylic acid w,th 
ammonium hydroxide under high pressure conditions. Elaboration of the 
amino group followed by coupling to the gly-p-amino acid as discussed ,n 
Scheme 10 gives the target compounds. 
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Scheme 13 shows the synthesis of isomeric pyridines and pyridones 
starting with 6-amino-4-me.hoxy-picotinic acid. The starting materia, 1 used ,n 
^ Scheme 13 may be prepared as described in the titerature y. Am. C em. 
Soc 78 4130,1956). Functionalization of the amino group ,n 1 followed by 
coupling reaction and hydrolysis (as in Scheme 10) gives the target 
compounds. 
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The isomeric pyridine and pyridone derived compounds may be 
prepared using the methodology shown in Scheme 14. The key intermediate 
4 may be prepared by starting with 6-chIoro-picolinic acid. Oxidation followed 
by nitration gives the 4-nitropyridine derivative (3). Deoxygenation of the N- 
oxide, reduction of the nitro group and nucleophilic displacement of chloro 
group gives the intermediate 4. The methodology discussed in Scheme 10 
may be applied to achieve the synthesis of target compounds. 
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The methodology shown in Scheme 10 can also be used for the 
synthesis of pyrimidine derived target compounds (Scheme 15). The isomeric 
pyrimidine derivatives 1 and 2 may be synthesized by following the literature 
preparations (J. Org. Chem., 26, 2755, 1961). 



5 
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Example A 



Preparation of 



NH 



H 2 N 



A 



N. 
H 



CQ 2 H 




• 2HCI 



10 



15 



5-aminonicotinic acid (4.0 g, 0.021 mole) (Helv. Chim. Acta, 47, 363 
(1964); JACS, 70, 2381 [1948]), 1 H-pyrazole-1-carboxamidine hydrochloride 
(4.6 g, 0.031 mole), diisopropylethylamine (8.0 g, 0.062 mole), dioxane (14 
ml_) and H 2 0 (7 ml_) were heated at reflux for 2 days. The reaction was cooled 
to room temperature, the precipitate was filtered, washed with H 2 0/dioxane 
(50:50) and dried. The precipitate was slurried in H 2 0 and made acidic with 
2N HCI. The solvent was removed under vacuum to yield the above 
compound as a white solid (750 mg). 

MS and 1 H-NMR were consistent with the desired structure. 
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Example B 

Preparation of ^-v. 

N^NH 
HNL, — ^C0 2 H 

Ik-^J • 2HCI 
N 

Step 1 

To 3,4,5,6 - tetrahydro -2-pyrimidine thiol (10 g, 0.086 mole) (Aldrich) in 
absolute ethanol (75 ml) is added Mel (12.2g, 0.086 mole). The reaction was 
stirred at reflux for 2.5 hours. The solvent was removed under vacuum and 
the product dried to yield 2-methyl thio-3,4,5,6-tetrahydro-2-pyrimidine 
hydroiodide as a white solid (22 g). 

MS and 1 H-NMR were consistent with the desired structure. 



Step 2 

To the product from Step 1 above (5.3g, 0.021 mole) and triethylamine 
(2.07g, 0.021 mole) in CH 2 CI 2 (25 mL) was added BOC anhydride (4.5 g, 
0.021 mole) at ice bath temperature. The reaction was then stirred at room 
temperature for 2 days. The CH 2 CI 2 was washed with H 2 0 (3x), dried over 
MgS0 4 , and removed under vacuum to yield N-Boc-2-methylthio-3,4,5,6- 
tetrahydro-2-pyrimidine (4.14 g). 

MS and 1 H-NMR were consistent with the desired structure. 

Step 3 

The product from Step 2 above (3.08g, 0.0134 mole), 5-aminonicotinic 
acid (1.8g, 0.0134 mole) in DMA (12mL) was heated at 80-85'C for 2 weeks. 
The reaction mixture was diluted with CH 3 CN, the precipitate was filtered, 
washed with CH 3 CN and dried. The precipitate was slurried in H 2 0 and the 
pH was lowered to 1-2 with concentrated HCI. The solution was frozen and 
lyopholized to yield the desired product as a light brown solid (1 .2 g). MS 
and 1 H-NMR were consistent with the desired structure. 
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Example C 



Preparation of 



N^NH 
HhL^\.C0 2 H 
' 2TFA 



Step 1 

To 2-methylthio-2-imidazoline hydroiodide (20 g, 0.082 mole) (Aldrich), 
and triethylamine (8.28 g, 0.082 mole) in CH 2 CI 2 (100 mL) was added BOC 
anhydride (17.9 g, 0.082 mole) at ice bath temperature. The reaction was 
stirred overnight at room temperature. The CH 2 CI 2 was washed with H 2 0 (2x), 
dried over MgS0 4 and removed under vacuum to yield N-BOC-2-methylthio-2- 
imidazoline as a viscous oil turned waxy white solid (15.93 g). 

MS and 1 H-NMR were consistent with the desired structure. 

Step 2 

The product from Step 1 above (15.93 g, 0.0737 mole), 5- 
aminonicotinic acid (9.6 g, 0.07 mole), and triethylamine (7.1 g, 0.07 mole) in 
DMA (60 mL) was heated at 100°C for 2 days, then at 130 °C for 1 day, and 
at 150°C for 2 additional days. After cooling and diluting the reaction mixture 
with CH 3 CN, the precipitate was filtered, washed with ether and dried 
(zwitterion yield is 10.16 g). This was slurried in H 2 0 and made acidic with 
TFA (pH 1-2). The solution was frozen and lyophilized to yield the desired 
product as a light yellow solid (20.15 g). 

MS and 1 H-NMR were consistent with the desired structure. 
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5 Example D 

Preparation of 

H 



H 2 N' ff N Y^ c °2Et • 

0 rr 



OH 

HCI 

CI^^^CI 



Step 1 
10 Preparation of 
O 




CI 

To a 2L round bottom flask fitted with a mechanical stirrer and 
condenser was placed 3,5-dichlorosalicylaldehyde (200.0 g, 1.05 mol, 1 
equivalent), acetic anhydride (356 g, 3.49 mol) and triethylamine (95.0 g, 0.94 

1 5 mol, 0.90 equivalent). The reaction solution was heated at reflux overnight. 
The dark brown reaction mixture was cooled to 50°C and water (1L) added 
with stirring. After one hour the mixture was filtered and the filtrate combined 
with EtOH (1L). This mixture was heated to 45°C for one hour, cooled to 
room temperature, filtered and the solid (fraction A) washed with EtOH (0.5 L). 

20 The combined EtOH solutions were concentrated by rotary evaporation to 
produce an oil (fraction B). The solid from fraction A was dissolved in 
methylene chloride (1.5 L) and the resulting solution passed through a pad of 
silica gel (1300 ml_ volume). The resulting dark brown solution was 
concentrated to an oil that was triturated with hexanes (1 .3 L) to give a solid 

25 that was isolated by filtration and washed (hexanes) to give substantially pure 
6,8-dichlorocoumarin (163 g). An additional 31 g of product was obtained by 



10 
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treating the oil (fraction B) in a similar fashion; the oil was dissolved in 
methylene chloride (0.5 L) passed through a silica pad (0.5 L volume) and 
triturated with hexanes. The total isolated yield is 194 g or 86% of the brown 
solid. 

MS and 1 H-NMR were consistent with the desired product. 

Step 2 

Preparation of 




15 



20 



25 



30 



To a 3-neck 2L round bottom flask fitted with a mechanical stirrer was 
placed 6,8-dichlorocoumarin (160 g. 0.74 mol) prepared in Step 1 and dry 
THF (375 mL, Aldrich Sure Seal). The resulting mixture was cooled to -40°C 
(dry ice-acetone bath) and lithium bis(trimethylsilyl)amide (0.80 mol, 800 mL of 
1M in THF) added while maintaining the temperature below 
-40°C. Upon completion of the addition the cooling bath was removed. After 
0.5 hour the mixture was warmed to -5»C. The reaction was quenched by 
addition of a solution of HCI (0.5 L of 4M in dioxane) in EtOH (1 .25 L). The 
temperature was maintained below 0°C overnight. The reaction mixture was 
concentrated to about one-half its original volume and partitioned between 
EtOAc (3L) and water (2L). The organic layer was washed with aqueous HCI 
(3 x 1L 0.5 N HCI). The pH of the combined water layers was adjusted to 
about 7 by addition of 10% aqueous NaOH and extracted with methylene 
chloride (3 x 2L). The combined organic layers were dried (MgS0 4 ). filtered, 
and HCI (210 mL of 4M in dioxane) added with stirring. Upon completion of 
precipitation the solid was removed by filtration. The filtrate was concentrated 
to a small volume and methyl t-butyl ether added. The solid obtained was 
combined with the initially formed solid and the combined product was 
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5 washed with methyl t-butyl ether, isolated by filtration and dried (vacuum oven 
over a weekend) to obtain the desired product (172 g, 74% yield). 
MS and 1 H-NMR were consistent with the desired product. 



Step 3 
10 Preparation of 



15 



20 




C0 2 Et 



cr ci 

To a flame-dried round bottom flask (0.5 L) equipped with magnetic stir 
bar was added N-t-Boc-glycine N-hydroxysuccinimide ester (Sigma, 15.0 g, 
0 055 mol). dry DMF (Aldrich Sure Seal, 200 mL) and the product from Step 2 
(21 67 g, 0.055 mol) under an inert atmosphere (Ar). The reaction mixture 
was cooled to approximately 0°C (salt-ice bath) and N-methyl morpholine 
(5 58g 0.056 mole) and a catalytic amount of DMAP added. The reaction 
was allowed to proceed overnight. The reaction mixture was concentrated to 
a slush and partitioned between EtOAc (0.4 L) and aqueous base (2x 0.2 L, 
aqueous saturated NaHC0 3 ). The organic layer was washed consecutively 
with aqueous citric acid (2x 0.2 L, 10% w/v), with aqueous sodium bicarbonate 
(2x 0.2 L), brine and dried (Na 2 S0 4 ). Volatiles were removed under vacuum 
at 55°C to give an oil (22.5 g, 92% yield) that solidified on standing. 
MS and 1 H-NMR were consistent with the desired product. 



25 
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10 



Step_4 

Preparation of 



15 



\ T - HCI 



The product obtained in Step 3 was deprotected to give the amine 
ny droch.oride salt using the fo.iowing procedure. To the product obtained hn 
sip 3 (14.0 g, 0.032 mole) in a flame-dried round bottom flask (0.1 L) wrth st,r 
Z was added dry dioxane (40 mL). To this solution was added HCI (4.0 N ,n 
dioxane, 2 equivalents, 6.32 mL) at 0°C. The reaction was allowed to proceed 
until gas evolution ceased and the reaction was complete. Volafl.es were 
amoved under vacuum and the residue triturated with diethyl ether (50 mL). 
Solids were collected by filtration, washed with ether and dried to g.ve the 

desired product (12.5 g). 

MS and 1 H-NMR were consistent with the desired product. 
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FXAMPLE E 



Preparation of 



H 2 N^ir N V^ c °2 Et 



Step 1 

Preparation of 




To a suspension of 3-bromo-5-chlorosalicylaldehyde (175 g, 743.2 
mmol) in acetic anhydride (280.5 mL, 3 mol) was added triethylamine (103.6 
mL 743 2 mmol). The reaction solution was heated at reflux for 4.5 hours. 
The solution was cooled and concentrated in vacuo. The brown residue was 
added to absolute ethanol (730 mL). The mixture was stored at 0°C for 14 
hours The brown solid was collected by filtration and washed with cold 
ethanol. The solid was dried in vacuo to give the desired product (123 g, 64% 
yield). 1 H-NMR was consistent with the proposed structure. 



Preparation of 



T 



To a suspension of the coumarin produced in Step 1 (40.0 g, 154.1 
mmol) in THF (400 mL) at -76°C was added dropwise with stirring lithium 
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was added HCI (4 M In dioxane, 56.3 mL. 225 mmol, 
stirr ed at 0-C for 30 minutes. The suspension was frltered and the filter caKe 
„ ex austiveiy washed with ether. The solid was dried in vacuo to grve the 
desired product as the HC, sat. dioxane so-vate (45 8 >. H-NMR was 
consistent with the proposed structure. 



§tep_3 
20 Preparation of 



To a suspension of the lactone produced in Step 2 (142.2 « 35« 
mmo n in absolute efhano. (533 mL) was added HC, (4M m droxane. 157.8 mL. 
«7 lo. over 10 minutes. The reaction mixture was stirred at room 

Zwe for 2 5 hours. Voiatiles were removed in vacuo. The res,due 

25 - ( 4 50 ^ a nd - 

Th. tan orecipitete was collected by nitration and washed with cold 

Tr ILiES- — ,o sive ,he des,red product as ,he 

30 proposed structure. 
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10 



Step 4 

Preparation of 



15 



^O^N"" IT 

n c\ 




CI' 

To a flame-dried round bottom flask (0.1 L) equipped with magentic stir 
bar was added N-t-Boc-glycine N-hydroxysuccinimide ester (Sigma, 2.72 g, 
0 010 mol), dry THF (Aldrich Sure Seal, 50 mL) and the product of Step 3 
(3 10 g 0 01 mole, vacuum desiccated overnight over P 2 O s ) under an inert 
atmosphere (Ar). The reaction mixture was cooled to approximately 0°C (salt- 
ice bath) and triethylamine (1 .01 g, 0.010 mole) was added. The reaction was 
allowed to proceed overnight. The reaction mixture was concentrated to a 
semi-solid and worked up in a fashion simi.ar to Example A, Step 3. Volatiles 
were removed from the organic «ayer under vacuum at 55°C to give an oil (4.0 
g 83% yield) that solidified on standing. 

MS and 1 H-NMR were consistent with the desired product. 



20 Step_5 

Preparation of 



25 




The product obtained in Step 4 was deprotected to give the 
hydrochloride salt using the following procedure. To the product obtained hn 
Step 4 (4 0 g 0.0084 mole) in a flame-dried round bottom flask (0.1 L) w,th st.r 
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5 bar was added dry dioxane (20 mL). To this was added HCI (4N in dioxane, 
20 mL) and the reaction allowed to proceed until gas evolution ceased and the 
reaction was complete (about 1 hour). Volatiles were removed under vacuum 
and the residue triturated with diethyl ether (50 mL). Solids were collected by 
filtration, washed with ether and dried to give a light brown solid (2.7 g, 78% 

10 yield). 

MS and 1 H-NMR were consistent with the desired product. 
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FXAMPLE F 

Preparation of 



H 2 N^|f N >^C0 2 Et 

° rT° H ' HCI 



Steo 1 

Preparation of 3-iodo-5-chlorosalicylaldehyde 




N-lodosuccinimide (144.0 g, 0.641 mole) was added to a solution of 
5-chlorosalicylaldehyde (1 00 g, 0.638 mole) in dimethylformamide (400 
mL). The reaction mixture was stirred for 2 days at room temperature. 
Additional N-iodosuccinimide (20.0 g) was added and the stirring was 
continued for additional 2 days. The reaction mixture was diluted with ethyl 
acetate (1L), washed with hydrochloric acid (300 mL, 0.1 N). water (300 
mL), sodium thiosulfate (5%, 300 mL), brine (300 mL), dried (MgSOJ and 
was concentrated to dryness to afford the desired aldehyde as a pale 
yellow solid (162 g, 90% yield). 

1 H-NMR and MS were consistent with the desired product. 
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5 Step 2 

Preparation of 6-chloro-8-iodocoumarin 




A mixture of 3-iodo-5-chlorosalicylaldehyde (100 g, 0.354 mole), 
1 o acetic anhydride (300 mL) and triethylamine (54 mL) was heated at reflux 
for 18 hours. Upon cooling, the desired coumarin precipitated as a dark 
brown crystalline material. The precipitate was filtered, washed with 
hexane/ethyl acetate (4:1 , 200 mL), and air dried. [Yield: 60 g (55% yield)]. 
Additional quantities of the desired product (10 g, 9% yield) can be 
1 5 obtained from the filtrate, upon storage. 

1 H-NMR and MS indicated this to be the desired product. 

Step 3 

Preparation of (R,S)-4-amino-3,4-dihydro-6-chloro-8-iodocoumarin 
hydrochloride 



HCI 



20 



25 




30 



Lithium hexamethyldisilazane (21.62 mL, 1M, 21.62 mmol) was 
added to a solution of 6-chloro-8-iodocoumarin (6.63 g, 21 .62 mmol) in 
tetrahydrofuran (100 mL) at -78°C. The reaction mixture was stirred at this 
temperature for 30 minutes, then at 0°C for 1 hour. Acetic acid (1 .3 g, 
21 62 mmol) was added to the reaction mixture. The reaction mixture was 
poured into an ethyl acetate (300 mL) and saturated sodium carbonate 
(200 mL) solution. The organic layer was separated, washed with brine 
(200 mL) followed by dioxane/HCI (4N, 30 mL) at 0°C. The reaction 
mixture was stirred for 1 hour at room temperature, filtered, and was dried 
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in vacuo to afford the desired product as a powder (4.6 g, 59% yield), 
(rphplc: Rf 6.8 minutes; Gradient 10% acetonitrile - 90% acetonitrile over 
15 minutes then to 100% acetonitrile over the next 6 minutes. Both water 
and acetonitrile contain 0.1% TFA. Vydac C18 protein peptide column, 2 
mL/min flow rate, monitored at 254 nm). 

1 H-NMR and MS were consistent with the desired product. 

Step 4 

Preparation of (R.S)-ethyl 3-amino-3-(5-chloro-2-hydroxy-3-iodo)phenyl 
propionate hydrochloride 




Hydrogen chloride gas was bubbled into a solution of 4-amino-3,4- 
dihydro-6-chloro-8-iodocoumarin hydrochloride (22.0 g, 61.09 mmol) in 
ethanol (250 mL) keeping the reaction mixture at 0-1 0°C until saturation. 
After 6 hours at reflux, most of the solvent was removed by distillation. Th 
cooled residue was added to anhydrous ether and was stirred for 2 hours. 
The initial gum turned in to a crystalline material. The crystalline product 
was filtered and was dried to afford the desired product as an off-white 
crystalline powder (20 g, 81% yield). (Rf. 7.52 min, conditions as Step 3). 

1 H-NMR and MS were consistent with the desired product. 

Step 5 

Preparation of (R.S)-ethyl 3-(N-BOC-gly)-amino-3-(5-chloro-2-hydroxy-3- 
iodo)phenyl propionate 
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5 A mixture of BOC-gly (2.16 g, 12.31 mmol), HOBT (1.67 g, 12.31), 

EDCI (2.36 g, 12.31 mmol) and DMF (50 mL) was stirred at 0°C for 1 hour. 
Ethyl 3-amino-3-(5-chloro-2-hydroxy-3-iodo)propionate hydrochloride (5.0 
g, 12.31 mmol) was added to the reaction mixture followed by triethylamine 

10 (3.5 mL). The reaction mixture was stirred for 1 8 hours at room 

temperature. DMF was removed in vacuo and the residue was partitioned 
between ethyl acetate (300 mL) and sodium bicarbonate (200 mL). The 
organic layer was washed with hydrochloric acid (1N, 100 mL), brine (200 
mL), dried (MgS0 4 ) and was concentrated to afford the desired product as 

15 a solid (6 g, 93% yield). 

1 H-NMR and MS were consistent with the desired product. 



Step_6 

Preparation of (R.S)-ethyl 3-(N-gly)-amino-3-(5-chloro-2-hydroxy-3- 
20 iodo)phenyl propionate hydrochloride 

H 

H 2 N^^ N V^ C ° 2Et 

U I oh -HCI 



Dioxane/HCI (4N, 20 mL) was added to ethyl 3-(N-BOC-gly)-amino- 
3 .(5-chloro-2-hydroxy.3-iodo)propionate (6.0 g, 1 1 .30 mmol) at 0°C and 
25 was stirred at room temperature for 3 hours. The reaction mixture was 
concentrated, and concentrated once more after addition of toluene (100 
mL) The residue obtained was suspended in ether, was filtered and dried 
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to afford the desired product as a crystalline powder (5.0 g, 95% yield), 
(rphplc: Rf 8.3 min. conditions as Step 3). 

1 H-NMR and MS were consistent with the desired product. 

EXAMPLE G 

Preparation of 



H 




HCI 



(S-isomer) 

Step 1 

Preparation of Reformatski Reagent 

BrZnCH 2 C0 2 -t-Bu 



A 4-L flask fitted with a condenser, temperature probe and 
mechanical stirrer was charged with Zn metal (180.0 g, 2.76 mol, 30-100 
mesh) and THF (1 .25 L). While stirring 1 ,2-dibromoethane (4.74 ml_, 0.06 
mol) was added via syringe [alternatively, TMS CI (0.1 eq.) at room 
temperature for one hour may be substituted]. After inert gas purge (3 
N^vacuum cycles) the suspension of zinc in THF was heated to reflux 
(65°C) and maintained at this temperature for 1 hour. The mixture was 
cooled to 50°C before charging tert-butyl bromoacetate (488 g, 369 mL, 
2.5 mol) via 50 mL syringe and syringe pump (delivery set to 4.1 mL/min) 
over 1 .5 hours. Reaction temperature of 50° +/- 5°C was maintained 
throughout the addition. The reaction mixture was allowed to stir at 50°C 
for one hour after the addition was complete. Subsequently, the mixture 
was allowed to cool to 25°C and the precipitated product allowed to settle. 
The THF mother liquor is decanted into a 2-L round bottom flask using a 
coarse fritted filter stick and partial vacuum transfer (20 mm Hg). This 
removed about 65% of the THF from the mixture. 1-Methyl-2-pyrrolidinone 
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(NMP, 800 ml_) was added and agitation resumed for 5 minutes. The 
reaction mixture can be filtered to remove any remaining zinc. Analysis 
indicated a titer of desired Reformatski reagent of 1 .57 M with a molar yield 
of 94%. Alternatively, the solid reagent can be isolated by filtration from 
the original reaction mixture. The cake was washed with THF until a white 
solid was obtained and dried under N 2 to obtain the desired product as a 
mono THF solvate that may be stored at -20°C (desicated) for extended 
periods. Typical recoveries are 85-90%. 

Step 2 

A. Preparation of 




Potassium carbonate (powder, oven dried at 100°C under vacuum, 
8.82 g, 60 mmoles) was added to a solution of 3,5-dichlorosalicylaldehyde 
(1 1 .46 g, 60 moles) in DMF (40 ml_) at room temperature to give a bright 
yellow slurry. MEMCI (neat, 7.64 g, 61 mmoles) was then added while 
maintaining the bath temperature at 20°C. The mixture was stirred at 22°C 
for 6 hours and MEMCI (0.3 g, 2.4 mmoles) was added. The mixture was 
stirred for another 0.5 hour and the reaction mixture poured into cold water 
(200 mL) to precipitate the product. The slurry was filtered on a pressure 
filter and the cake was washed with water (2 x 50 mL) and dried under 
N 2 /vacuum to afford the product as an off white solid (14.94 g, 89% yield). 
1 H-NMR (CDCI 3 , TMS) 3.37 (s, 3H), 3.54 to 3.56 (m, 2H), 3.91 to 3.93 (m, 
2H). 5.30 (s, 2H), 7.63 (d, 1H), 7.73 (d, 1H), 10.30 (s, 1H); 13 C NMR 
(CDCI3, TMS) 6 (ppm):59.03, 70.11,99.57, 126.60, 129.57, 130.81, 
132.07, 135.36. 154.66, 188.30. DSC: 48.24°C (endo 90.51 J/g). 
Microanalytical: calculated for C^H^CIjA,: 

C: 47.33%; H: 4.33%; CI: 25.40% 



Found: 



75 

C: 47.15%; H: 4.26%; CI: 25.16%. 



B. Preparation of 




The product from Step 2A (35.0 g, 0.125 mol) was charged in a 1-L 
3-neck round bottom flask fitted with a mechanical stirrer and an addition 
funnel followed by addition of THF (200 mL). The solution was stirred at 
22°C and (S)-phenylglycinol (17.20 g, 0.125 mol) was added at once. After 
30 minutes at 22°C, MgSO, (20 g) was added. The mixture was stirred for 
1 hour at 22°C, and filtered on a coarse fritted filter. The filtrate was 
concentrated under reduced pressure. No further purification was 
performed and the crude imine was used directly in the coupling reaction, 
Step 2, C. 

C. Preparation of 




A 1-L 3-neck round bottom flask fitted with a mechanical stirrer and 
an addition funnel was charged with solid reagent from Step 1 (91.3 g, 
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0.275 mol) and NMP (200 mL) under nitrogen. The solution was then 
cooled to -10°C and stirred at 350 rpm. A solution of imine (prepared in 
Step B) in NMP was prepared under nitrogen and then added over 20 
minutes to the above reaction mixture while the temperature was 
maintained at -5°C (jacket temperature -10°C). The mixture was stirred for 
an additional 1.5 hours at -8°C and one hour at -5°C after the addition was 
complete. After cooling to -10°C a mixture of concentrated HCI/saturated 
solution of NH 4 CI (100 mL), water (100 mL) and brine (100 mL) was added 
to the solution. MTBE (200 ml) was added and the mixture was stirred for 
15 minutes at 23°C at 200 rpm. Stirring was stopped and the layers 
separated. The aqueous layer was extracted with MTBE (100 ml). The 
two organic layers were combined, washed successively with a saturated 
solution of NH 4 CI (100 ml), water (100 ml), and brine (100 ml). The 
solution was dried with MgSO A (30 g), filtered and concentrated to afford an 
orange oil (66.3 g) (solidifies in standing) containing the desired product as 
a single diastereoisomer as determined by proton and carbon nmr. 
A sample was purified for analysis by recrystallization from heptane to 
afford the product as an off-white solid. Proton and carbon nmr and IR 
spectra were consistent with the desired product. [a] D 25 = +8.7° (c = 1 .057, 
MeOH). Microanalytical: calculated for C 25 H 3 3CI 2 N0 6 : 

C: 58.77%; H: 6.47%; N: 2.72%; CI: 13.78% 
Found: C: 58.22%; H: 6.54%; N: 2.70%; CI: 13.66%. 

Step 3 

Preparation of 




SQ 3 H 



A. A solution of crude ester prepared in Step 2 [1 7.40 g, 0.033 mole 
(theory)], and EtOH (250 mL) was charged to a 1-L 3-neck jacketed 
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reactor. The solution was cooled to 0°C and Pb(OAc) 4 (14.63 g, 0.033 
mole) was added at once. After 2 hours a 15% solution of NaOH (30 mL) 
was added and ethanol was removed under reduced pressure. Another 
portion of 15% NaOH (100 mL) was added and the mixture extracted with 
MTBE (2 x 100 mL), washed with H 2 0 (2 x 100 mL) and brine (50 mL), 
dried with Na 2 S0 4 , filtered on celite and concentrated under reduced 
pressure to afford an orange oil (12.46 g ) which was homogeneous as 
determined by tic. The oil was used without further purification. 

B. The oil from A, was diluted with EtOH (30 mL) and paratoluene 
sulfonic acid (1.3 eq., 0.043 mole, 8.18 g) was added. The solution was 
heated to reflux for 8 hours, cooled to ambient temperature and 
concentrated under reduced pressure. The residue was treated with THF 
(20 mL) and heated to reflux to form a solution. The solution was cooled to 
room temperature and the compound crystallized. Heptane (30 mL) and 
THF (10 mL) were added to form a fluid slurry which was filtered. The 
cake was washed with THF/heptane (40 mL, 1/1 ) and vacuum dried for two 
hours in a pressure filter under nitrogen to afford a white solid (7.40 g). 

Proton and carbon NMR and IR spectra were consistent with the 
desired product as substantially a single enantiomer. 
Microanalytical: calculated for C 18 H 21 CI 2 N0 6 S, 0.25 C 4 H 8 0: 

C: 48.73%; H: 4.95%; N: 2.99%; CI: 1 5.14% 

Found: C: 48.91%; H: 4.95%; N: 2.90%; CI: 14.95%. 



Step 4 

Preparation of In H ?° 2Et 




OH 



To a 500 mL 
flask equipped with a magnetic 



round bottom 
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5 stir bar and nitrogen bubbler were charged the product from Step 3 (21 .7 g, 
0.065 mole), N-t-Boc-glycine N-hydroxysuccinimide ester (17.7 g, 0.065 
mole) and DMF (200 ml_). The reaction mixture was stirred under nitrogen 
at room temperature for 3.25 hours and a pale orange solution formed. 
The reaction mixture was poured into ice-cold ethyl acetate (1 .2 L). The 

1 0 organic solution was washed with 1 M HCI (250 mL) and then with brine 
(500 Ml), dried (MgS0 4 ) and concentrated under vacuum to near dryness 
to obtain an oil that was subsequently dried at 50°C to obtain the product 
as a colorless oil (28.12 g, 99% yield). Seed crystals were prepared from 
ethyl acetate/hexanes. The product (about 28 g) was dissolved in ethyl 

1 5 acetate (35 mL) and hexanes (1 25 mL). The solution was seeded with the 
seed crystals and precipitate formed. The solids were filtered and dried 
overnight under vacuum at 55°C to yield a colorless solid (27.0 g, 95% 



20 



yield). 

1 H-NMR was consistent with the desired product. 
Step 5 

Preparation of 




C0 2 Et 

• HCI 



25 The Boc-protected glycine amide prepared in Step 4 (27.0 g, 0.062 

mole) was dried overnight over P 2 O s and NaOH pellets. The solid was 
dissolved in dioxane (40 mL) and the solution cooled to 0°C. An equivalent 
volume of 4N HCI/dioxane (0.062 mole) was added and the reaction was 
run for 2 hours. At this point the conversion was 80% as determined by 

30 rphplc. The reaction mixture was allowed to warm to room temperature 
over 4 hours. The reaction mixture was concentrated at 40°C to a foam 
which was triturated with ether (200 mL). The white solid that formed was 



filtered and dried over P 2 0 5 to yield the desired glycine beta-amino 
ethyl ester compound as the HCI salt (20.4%, 88.5% isolated yield. 
1 H-NMR and MS were consistent with the structure. 
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5 



10 



Preparation of 




Step 1 

Preparation of 




Potassium carbonate (powder, oven dried at 100°C under vacuum, 
22.1 g, 0.16 moles) was added to a solution of 3-chloro-5- 
bromo'salicylaldehyde (35 g, 0.15 moles) in DMF (175 ml) at room 
1 5 temperature to give a bright yellow slurry. MEMCI (neat, 25.0 g, 0.2 moles) 
was then added while maintaining the bath temperature at 20°C. The 
mixture was then stirred at 22°C for 6 hours and was poured into Dl water 
(1200 ml_) to precipitate the product. The slurry was filtered on a pressure 
filter, the cake washed with Dl water (2 x 400 mL) and dried under 
20 N^vacuum to afford the product as an off-white solid (46 g, 95% yield). 
i H -NMR (CDCI 3 , TMS) 3.35 (s, 3H), 3.54 to 3.56 (m, 2H), 3.91 to 3.93 (m, 
2H) 5.30 (s, 2H), 7.77 (d, 1H), 7.85 (d, 1H), 10.30 (s, 1H); 13 C NMR 
(CDCI3, TMS) (ppm):59.05, 70.11, 71.49, 99.50, 117.93, 129.69, 129.78, 
132.37, 138.14, 155.12, 188.22. DSC: 48.24°C (endo 90.51 Jig); 
25 Microanalytical: calculated for C n1 H 12 BrCI0 4 : 

C: 40.82%; H: 3.74%; CI: 10.95%; Br: 24.69%; 
Found: C: 40.64%; H: 3.48%; CI: 10.99%; Br: 24.67%. 

Step 2 

Preparation of 
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10 




The product obtained in Step 1 (32.35 g, 0.1 mol) was charged in a 
500 ml 3N round bottom flask fitted with a mechanical stirrer, followed by 
the addition of THF (160 ml) and (S)-phenylglycinol (13.71 g, 0.1 mol). 
After 30 minutes at 22°C, MgS0 4 (20 g) was added. The mixture was 
stirred for 1 hour at 22°C and filtered on a coarse fritted filter. The filtrate 
was concentrated under reduced pressure to afford a pale yellow oil (48.0 
g) containing the imine. No further purification was performed and the 
1 5 crude product was used directly in the coupling reaction. 
Microanalytical: calculated for C 19 H 21 BrCIN0 4 : 

C- 51.54%; H: 4.78%; N: 3.16%; Br: 18.04%; CI: 8.00%; 
Found: C: 51.52%; H: 5.02%; N: 2.82%; Br: 16.31%; CI: 7.61%. 




In a 5L 3N round bottom flask fitted with a mechanical stirrer, 
25 reagent from Step 1 of Example G (332 g, 0.8 mo.) was taken in NMP (660 
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mL) under nitrogen. The solution was then cooled to -10°C. A solution of 
imine produced in Step 2 in NMP (320 ml) was prepared under nitrogen 
and then added in 30 minutes to the above reaction mixture while the 
temperature was maintained at -5°C. The mixture was stirred for an 
additional hour and then cooled to -10°C. A mixture of concentrated 
HCI/saturated solution of NH 4 CI (30 mL/720 mL) was added over 10 
minutes. MTBE (760 ml) was added and the mixture was stirred for 1 hour 
at23°C. Stirring was stopped and the layers were separated. The 
aqueous layer was extracted with MTBE (320 ml). The two organic layers 
were combined, washed successively with a saturated solution of NH 4 CI 
(320 ml), Dl water (320 ml) and brine (320 ml). The solution was dried with 
MgS0 4 (60 g), filtered and concentrated to afford a yellow oil (228 g) 
containing the desired product as a single diastereoisomer. 
DSC: 227.54°C (endo. 61 .63 J/g); 
Microanalytical: calculated for C 25 H 33 BrCIN0 6 : 

C: 53.72%; H: 5.95%; N: 2.50%; Br: 14.29%; CI: 6.33% 
Found: C: 53.80%; H: 6.45%; N: 2.23%; Br: 12.85%; CI: 6.12%. 



Step 4 

Preparation of 




A solution of crude ester from Step 3 (-1 1 1 9) in ethanol (1 500 mL) 
was charged under nitrogen atmosphere to a 3L 3N round bottom flask 
fitted with a mechanical stirrer. The reaction mixture was cooled to 0°C 
and lead tetraacetate (88.67 g, 0.2 mol) was added in one portion. The 
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5 reaction mixture was stirred for 3 hours at 0°C and then 1 5% aqueous 
NaOH (150 ml_) was added to the reaction mixture below 5°C. Ethanol 
was removed under reduced pressure on rotavap. Another 15% aqueous 
NaOH (600 mL ) was added and the reaction mixture was extracted with 
ethyl acetate (2 x 300 mL ), MTBE (2 x 200 mL ) and ethyl acetate (2 x 200 
1 0 mL). The organic layers were combined and washed with Dl water (2 x 
200 mL) and brine (2 x 1 00 mL) and dried over anhydrous MgS0 4 (30 g). 
The solution was then filtered over celite and concentrated under reduced 
pressure to give the product as an orange oil (96 g) that was used in the 
next step without further purification. 
1 5 DSC: 233.60°C (endo. 67.85 Jig); 

Microanalytical: calculated for CaMgBrCINOg: 

C: 54.71%; H: 5.54%; N: 2.65%; Br: 15.16%; CI: 6.72; 
Found: C: 52.12%; H: 5.40%; N: 2.47%; Br: 14.77%; CI: 6.48. 

Step 5 
20 Preparation of 




C0 2 Et 


SO3H 


„OH . 




CI 


CH 3 



The crude product from Step 4 (-94 g) was taken up in absolute 
ethanol (180 mL) and para toluenesulfonic acid monohydrate (50.0 g, 0.26 

25 mol) was added. The reaction mixture was then heated to reflux for 8 
hours after which the solvent was removed under reduced pressure. 
Residual solid was taken up in THF (100 mL) and THF was then stripped 
off under reduced pressure. The residue was dissolved in ethyl acetate 
(500 mL) and cooled to ~5°C. The resulting solid was filtered and washed 

30 with heptane (2 x 50 m) to give a white solid. The solid was air dried to 
give the product as a white solid (38 g) as a single isomer. 
1 H-NMR (DMSO, TMS) (ppm) 1 .12 (t, 3H), 2.29 (s, 3H), 3.0 (m, 2H), 4.05 
(q 2H), 4.88 (t, 1H), 7.11 (d, 2H), 7.48 (d, 2H), 7.55 (d, 1H), 7.68 (1H, d), 
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8 35 (br s, 3H); 13 C NMR (DMSO, TMS) (ppm): 13.82, 20.75, 37.13, 45.59, 
60.59, 110.53. 122.47, 125.44, 127.87, 128.06, 129.51, 131.95, 137.77. 
145 33 150 14. 168.98; DSC: 69.86°C (end.. 406.5 J/g). 165.72°C (end. 
62 27 J/g). 21 1 .24°C (exo. 20.56 J/g) [af » = * 4.2° (c = 0.960. MeOH); IR 
(MIR) (cm-1)2922, 1726. 1621. 1591. 1494. 1471. 1413, 1376, 1324, 
1286, 1237, 1207; 

Microanalytical: calculated for C 18 H 21 BrCIN0 6 S: 

C- 43 69%; H: 4.27%; N: 2.83%; Br: 16.15%; CI: 7.16%; S: 6.48%; 
Found: C: 43.40%; H: 4.24%; N: 2.73%; Br: 16.40%; CI: 7.20%; 8: 6.54%. 



Step 6 

Preparation of 




The above compound was prepared according to the procedures 
outlined in Example G. Step 4 and Step 5 where an equivalent quantity of 
the intermediate prepared in Step 5 as the free base was substituted for 

Example G. Step 4. 

1 H-NMR and MS were consistent with the desired product. 
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EXAMPLE 1 

Preparation of 




10 Step 1 

Preparation of 




The above compound was prepared according to the methodology 
of Example G, Step 2A, substituting an equivalent quantity of 2-hydroxy- 
3,5-dibromobenzaldehyde for 3,5-dichlorosalicylaldehyde. 

Yield: 88%; Pale yellow solid: m.p. 46-47°C; R f = 0.6 
(EtOAc/Hexane 1:1 v/v); 1 H-NMR (CDCI 3 ) 5 3.37 (s, 3H), 3.56 (m, 2H), 3.< 
(m, 2H), 5.29 (s, 2H). 7.91 (d, 1H, J = 2.4 Hz), 7.94 (d, 1H, J = 2.4 Hz), 
10.27 (s, 1H); FAB-MS m/z 367 

(M+) HR-MS calculated for C^H^C^: 367.9083 

Found: 367.9077. 

1 H-NMR and MS were consistent with the desired compound. 
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5 Step 2 




The above compound was prepared using the procedure of 
Example G, Steps 2B and 2C substituting an equivalent quantity of the 
10 compound from Step 1 in the procedure. 

Yield: 90%; Yellow solid; m.p. 57-59°C; R f = 0.46 (EtOAc/Hexane 1:1 v/v); 
1 H-NMR (CDCI 3 ) 8 1.45 (s, 9H); 2.1 (br, 1H, exchangeable), 2.51 (d, 1H, J 1 
= 9.9 Hz, J 2 = 1 5.3 Hz), 2.66 (d, 1 H, J, = 4.2 Hz, J 2 = 1 5.3 Hz), 3.02 (br, 
1H, exchangeable), 3.39 (s, 3H), 3.58-3.62 (m, 4H), 3.81 (m, 1H), 3.93 (m, 
15 2H), 4.63 (dd, 1H, J = 4.2 Hz), 5.15 (s, 2H), 7.17-7.25 (m, 6H), 7.49 (d, 
1H): FAB-MS m/z 602 (M+H) 
HR-MS calculated for C 25 H 34 NBr 2 0 6 : 602.0753 

Found: 602.0749. 
1 H-NMR and MS were consistent with the desired compound. 

20 

Step 3 

Preparation of 




The above compound (p-toluenesulfonate salt) was prepared 
25 according to the methodology in Example G, Step 3 substituting an 

equivalent quantity of the product in Step 2 in Example G, Step 3A. Yield: 
62%; white solid; 1 H-NMR (DMSO-d 6 ) 5 1 .09 (t, 3H, J = 7.2 Hz), 2.27 (s, 
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3H), 2.97 (dd, 2H, J, = 3.0 Hz, J 2 = 7.2 Hz); 4.02 (q. 2H, J = 7.2 Hz), 4.87 
(t, 1 H, J = 7.2 Hz), 7.08 (d, 2H, J = 4.8 Hz), 7.45 (m, 3H), 7.57 (d, 1 H, J = 
2.4 Hz), 8.2 (br, 3H); FAB-MS m/z 365 (M+H) 
HR-MS calculated for C^H^NBrA.: 365.9340 



1 H-NMR and MS were consistent with the desired product. 

Step 4 

Preparation of 



The above compound was prepared using the procedure of 
Example G, Step 4 and substituting the compound prepared in Step 3 to 
produce the BOC protected intermediate. The resulting BOC protected 
intermediate was converted to the desired compound using the procedure 

of Example G, Step 5. 

1 H-NMR and MS were consistent with the desired compound. 



Found: 



365.9311. 




C0 2 Et 
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EXAMPLE J 

Preparation of ethyl B-[(2-aminoacetyl)amino]pyridine-3-propanoate, 

bis hydrochloride salt 




Step 1 

To 3-pyridine carboxaldehyde (300 ml) in 2- propanol (3 liters) was 
added ammonium acetate (297 g) followed by malonic acid (398 g). The 
reaction mixture was stirred at reflux for 5 hours. The precipitate was 
filtered while hot and washed with hot isopropanol (2 liters). The resulting 
white solid was then dried to yield DL-3-amino-3-(3-pyridyl)propionic acid 

as a white solid (220 g). 

NMR and MS were consistent with the desired product. 

Step 2 

DL-3-amino-3-(3-pyridyl)propionic acid (220 g) from Step 1 was 
slurried in absolute EtOH (3.6 liters). HCI gas (one lecture bottle - 1 lb) 
was bubbled into the reaction while stirring over 40 minutes. The slurry 
was then heated at reflux for 4 hours (a solution forms after 1 to 1 .5 hours). 
The reaction mixture was cooled to 5°C in an ice bath. After stirring at 5°C 
for 1 .5 hours, the resulting white precipitate was filtered and washed 
thoroughly with ether. After drying under vacuum at 50°C, the desired 
product, ethyl DL-3-amino-3-(3-pyridyl)propionate dihydrochloride was 

obtained as a white solid (331.3 g). 

NMR and MS were consistent with the desired product. 
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Step 3 

To ethyl DL-3-amino-3-(3-pyridyl)propionate dihydrochloride (220.6 
g 0 83 mole) from Step 2 in anhydrous THF (2 liters) and triethylamine 
(167.2 g, 1.65 moles), was added N-t-BOC-glycine N-hydroxysuccinimide 
ester (225 g, 0.826 moles) (Sigma) in several portions at 5-1 0°C. The 
reaction mixture was stirred overnight at room temperature. The resulting 
precipitate was filtered and washed with THF. The solvent from the filtrate 
was removed under vacuum. The residue was taken up in ethyl acetate 
(2 3 liters). The ethyl acetate layer was washed with saturated sodium 
bicarbonate (2 x 900 ml) and H z O (3 x 900 ml), dried over MgSO, and 
removed under vacuum. The residue was slurried overnight in 10% ethyl 
acetate/hexane (2.5 liters). The precipitate was filtered, washed with 10% 
ethyl acetate/hexane (1 liter), then hexane, then dried to yield ethyl B-[[2- 
[[(1,1-dimethylethoxy)carbonyl]amino]acetyl]-amino]-pyridine-3-propanoate 

as a white solid (233 g). 

NMR and MS were consistent with the desired product. 



Step 4 

Ethyl B-[[2-[[(1 ,l-dimethylethoxy)carbonyl]amino]acetynamino]- 
pyridine-3-propanoate (from Step 3) (232 g, 0.66 mole) was dissolved in 
warm dioxane (1 liter). After cooling to room temperature, 4M HCI in 
dioxane (1 .6 liters) (Aldrich) was slowly added. A white precipitate formed 
after several minutes and then turned to a thick sticky material. After 2 
hours the solvent was decanted off. The residue was slurried in ether and 
the ether decanted off until a white solid resulted. This was dried under 
vacuum to yield ethyl p- [( 2-aminoacetyl)amino]pyridine-3-propanoate, b.s 
hydrochloride salt as a white hygroscopic solid (224.2 g). 

NMR and MS were consistent with the desired product. 
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FXAMPLE K 

Preparation of 2-guanidino-4-carboxy thiazole hydrochloride 



10 



15 



20 



C0 2 H 



25 



30 



HN^.NH 2 

|f -HCI 
NH 

"jo 2-imino-4-thiobiuret (11.1 g. 0-094 mole) (Aldrich) in absolute 
EtOH (100 mL) and at reflux was added ethyl bromopyruvate (20.0 g 
0 102 mole) (Aldrich) portionwise. The solution was stirred at reflux for 2 
U - 11K ' ro n nl was added and the reaction 

hours. Additional ethyl bromopyruvate (2.0 g) was added 

continued at reflux for 2 more hours. The reaction was cooied to 10 C and 
concentrated NH.OH was added unfli pH - 10. The resulfing precprtate 
was Altered, washed with ether and dried to yield 2-guanidino-4- 
carboxyethylthiazole as a yellow solid (15.1 g). 

MS and 'H-NMR were consistent with the desired structure. 

^To the product o. Step 1 (5.0 g. 0.023 mole) slurried In H 2 G (100 
m L) and ethano. (40 mL) was added NaOH (0.93 g. 0.023 mole) The 

was stirred overnight at room temperature. Addiflona. e hano. (20 
ml) and NaOH (0.93 g) were added to the reaction 
solution was stirred at room temperature for 1 more hour. The pH was 
Tied to 7 with 1 N HCI and the resultant precipfiate was Altered, was ed 
with HP and elher, then dried to yield the product (4.1 g) as the zw«enon. 

The zwitterion was slurried in H ; G and acidified with concentrated 
HC. until solution. The solution was frozen and lyophilized to yield 2 
su anidino-4-oarboxythiazole hydrochloride as a fight yellow sofid (4.33 g). 
MS and 'H-NMR were consistent with the desired structure. 
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10 



Examples L and M were prepared according to .he depicted 



Schemes, starting from 
methylpyridirv 



the commercially available 2-amino-6- 
ine and 2-amino-4-methyl-pyridine, respectively. 



EXAMPLE L 
Preparation of 2-Aminopyridine-6-carboxylic acid 




1. KMn0 4 _ 

2. 3 N HCI 



Water, 75°C, 2h n l| 




4N HCI, EtOH 
Reflux, 16 h 




1 . 2.5 N NaOH 
85°C, 1h 
OH 2. 1NHCI 



OEt 



HCI 



Step_A 



20 



25 



To a soiutton o, a-ace.y.am^e.ny.pyridine (10.0 g) .n water 
, 125 mU at 75 . c was added KMnO 4 (21.0 g) in portions and heattng was 

( TZ 2 hours The reaction mixture was cooted, tittered and the 

contrnued for 2 how. The _^ ^ 

residue washed with hot water (2 x 25 mL). 

. . „ U x 7 Qi(t inn 7.87 (m, 1H), 2.2 is, on;, 

1 H-NMR (CD 3 OD) 5 8.32 (m, 1H). 7.94 (t, 1H). r 

FAB MS m/z 181 (M+H). 
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5 suspension of 2-acetylaminopyridine-6-carboxylic acid (4.1 g) in 

2.5 N NaOH (36.5 mi) was heated a, 80°C for 1 .5 hours, under nitrogen 
atmosphere. The resui.ing so.ution was cooied and acid,fled w,,h coU 3N 
HC, The precipitate obtained was flitered, washed successiveiy w,.h water 

10 and acefonitriie. The resuiting whKe solid was dried under vacuum to 
afford 2-aminopyridine-6.carboxy,ic acid (2.4 g. 76% yieid). 
■H.NMR (DMSO-d e ) 6 7.57 (t, 1H. J - 8.! Hz), 7.14 (d. 1H. J - 7.2 Hz), 
6.67 (1H, J - 8.1 Hz), 6.51 (br, 2H); FAB MS wit 139 (M+H). 

15 ^suspension of 2-am,no P yndine-6-carbo X y,ic acid (2 g) in BOH 
„0 0 mL) and 4N HC/dioxane (10.0 mL) was heated to reflux for ,6 houn, 
nder anhydrous conditions. The reaction mixture was then concen ated 
to apneas and the residue was dried in a desiccator under vacuun to 
20 IZ 2-amino-6-carbethoxypyridine hydrochioride as a wh,1e powder (1 .6 

M-t-NMR (DMSO-d.) a 8.3 (br), 7.94 (m. 1H>, 7 37 (d IK J = ™ 
(dd. 1H, J = 8.7 Hz), 4.37 (q. 2H, J = 7.2 Hz), 1 .32 (1, 3H, J - 7.2 Hz), 
MS m/z 167 (M+H). 



t 
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FYAMPLE M 

Preparation o, Wrt**^**^ MrOCh ^ de 




H 2 N 
HCI 




M 



10 



This compound m was P»P— <» a procedure s*- * - 
-H-NMR and MS were consistent with the structure. 
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EXAMPLEJ. 

5 

Preparation of 



NH 



10 



15 




20 



To lhe produ* - B^e A <0, , 0.0 . - > £ - - 
Exam p,e E (0.B3 3 , 0.00 2 -^M-n JJ* J« ) ^ 
OMAP (24 mg, in anhydrous «^^. — - ™™ 
«-» * "» ^rTeJrr P^was isCated by reverse phase 
^^ ^0 ,3 n,) and CH S C N (3 mL , was 

. . Hl irt as a white solid (350 mg). 

desired product as a wni des ired structure. 

MS and 1 H-NMR were consistent with the 
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EXAMPLE 2 



Preparation of 




NH^Y 




10 



Th e .Wed compound was prepared according to the methodology, 
Exa m pL substituting an equivalent amount o. the product o, Example D 
lie product o, Example E to vield the desired product as a wh„e so„d 
(210 mg). 



MS and 1 H-NMR were 



consistent with the desired structure. 
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5 

Preparation of 



EXAMPLES 



10 



15 



20 



O 



r~\ 




• u ♦Ktomnprature The solution was stirred at ice bath 
sl ow,y a, ,ce batt emp * - D (15 g, 0.04 mole) 

was then added at ce bath te p ^ ^ ^ 

.ethytmorphonne (4.1 g. mL)/CH 3 CN (30 mL) 

ovemigh t a, tl washed tot 1 bout a, too. 

was added UO 1 h ^ J 2 wim TFA and the product was 
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Preparation of 



FVAMPLE 4 



>O h o 




The above compound was prepared according to .he methodology 
of Example 3. substituting an equivalent amount of the product of Example 

E,0r ^rC; R a r— t^thedesired^cture. 
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FXAMPLE 5 



Preparation of 




N 




° <o 



2 TFA 



CI 



The above compound was prepared according to the methodology 
of Example 3. substituting an equivalent amount of the product of Example 
F for the product of Example D. 

MS and 'H-NMR were consistent with the desired structure. 
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EXAMPLE 6 

Preparation of 




The above compound was prepared according to the methodology 
of Example 3, substituting an equivalent amount of the product of Example 
B for the product of Example C. 

MS and 1 H-NMR were consistent with the desired structure. 

FXAMPLE 7 

Preparation of 



OH 




To the product of Step 3 of Example 9 (0.6 g, 0.0019 mole) in 
anhydrous DMA (4 ml_) was added isobutylchloroformate (0.27 g, 0.002 
mole) at ice bath temperature followed by N-methylmorpholine (0.4 g, 
0.0038 mole). The solution was stirred for 15 minutes at ice bath 
temperature. The product of Example H (0.71 g, 0.0017 mole) was added 
at ice bath temperature followed by N-methylmorpholine (0.17 g, 0.0017 
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mole) The reaction was stirred overnight at room temperature. HPLC 
analysis indicated product plus significant amount of starting matenal. 
EDCI (0 38 g, 0.002 mole) and DMAP (15 mg) were added to the reaction 
mixture and the reaction was stirred overnight at room temperature. The 
ester product was isolated by reverse phase preparatory HPLC. To the 
ester in H 2 0 (10 mL) and CH 3 CN (5 mL) was added LiOH (700 mg. 0.017 
mole) This was stirred at room temperature for 1 hour. The pH was 
,owered to 2 with TFA and the product was isolated by reverse phase 
preparatory HPLC to yield (after lyophilization) the desired product as a 

white solid (270 mg). 
1 5 MS and 1 H-NMR were consistent with the desired structure. 



10 
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FXAMPLE 8 



Preparation of 
NH 

II o , ^-C0 2 H 



h 2 n" n^ n _h NH ^y-^< 

T 0 <Q)- 2TFA 

N — ' 

To the product of Example K (0.5 g, 0.0022 mole) and N- 
methylmorpholine (0.23 g, 0.0022 mole) in anhydrous DMF (8 mL) was 
added isobutylchloroformate (0.31 g, 0.0022 mole) at ice bath temperature. 
After stirring for 5 minutes at ice bath temperature, the product of Example 
J (0 73 g 0.0022 mole) and N-methylmorpholine (0.45 g, 0.0045 mole) m 
anhydrous DMF (8 mL) were added at ice bath temperature in one port.on. 
The reaction mixture was stirred overnight at room temperature. The ester 
was isolated by reverse phase preparatory HPLC (530 mg). 

To this ester (400 mg) in H z O (10 mL) was added LiOH (91 mg). 
This was stirred at room temperature for 1 hour. The pH was lowered to 3 
with TFA and the product was isolated by reverse phase preparatory HPLC 
to yield (after lyophilization) the desired product as a white solid (350 mg). 
MS and 1 H-NMR were consistent with the desired structure. 
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Gu anida«ons of 2-amino^rbe.hoxypyridine hydrochloride, and 

lris .B0C reagent as illustrated in me dep.ctec .schemes n 
O (Kim. S.K., Qian. L„ Tefrahedro Lett. 34. 7677, 19M). 




BOC 



OEt 



HCI 




BOC 



OEt 



15 



20 



25 



(7.0 mL), mercuric chlonde (0.76 g, 2.8 mmol). 

The resulting mixture was heated at 70 unaei 
7.8 mmol) were added. The result, g ^ 
an atmosphere of nitrogen for 24 hours and f.ltered. DMF 

n the residue was triturated with ethyl acetate, and filtered. The 
B 1,1 f Lfe was concentrated and the resulting materia, was 
orange colored tmraie w* acetate containing 

purified by silica gel flash chromatography us.ng ethyl acetat 
purn.eu y , _ t ThP aoDropriate fractions (blue 

1 o/o triethylamine as the eluent The appropn 

,he formation of the desired tris-BOC product N. 
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Fxample O 




Thi s compound (O) was prepared using a procedure simifar ,o .ha, 
of Example N. MS anafysis ( m,z 565 (M+H)] confirmed me ,orma„on of 
desired tris-BOC product O. 
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The following compounds P and Q can be prepared following the 
conditions set forth in Steps 3-5 of Example 9. 

Fxample P 



H* [ T 




HO' v 2HC1 




OH 



H 




NH 




OH 



OH 

X 



10 



Fxample Q 




105 



Fxample R 



NH 2 




The above compound was prepared using .he procedures described 
in Exampie G. Trie reagen, S-bromo-S-chiorosaiicyiaideriyde was used ,n 
Step 2 instead of 3,5-dichlorosalicylaldehyde. 
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EXAMPLE 9 



10 



15 



Step 1 

To a mechanically stirred suspension of the reagent 1 (18.68 g) in 
THF (1L) at 0°C was added sodium hydride (19 g of 60% suspension in 
mineral oil) over 30 minutes. After 30 minutes di-tert-butyl dicarbonate 
(95 g) was added neat and the reaction mixture was heated to reflux gently 
for 16 hours. The mixture was cooled to 0°C and quenched with a 
saturated solution of NaHC0 3 . The mixture was extracted with ethyl 
acetate. The organic extract was washed with water, dried (Na 2 S0 4 ) and 
concentrated. The residue was rapidly chromatographed using a small 
column of silica gel (60 mm x 180 mm) to give the desired product 2 as a 
thick yellow liquid (68 g). NMR was consistent with the assigned structure. 



20 



25 



30 



35 



Step 2 

A stirred suspension of 3-amino-pyridine-6-carboxylic acd (25 g) in 
ethanol (300 ml_) at 0°C was saturated with gaseous hydrogen chloride. 
The mixture was allowed to warm to 23°C and heated to reflux for 2 hours. 
A clear solution was obtained. After cooling to 23°C. the mixture was 
concentrated in vacuo, neutralized with aqueous NaHC0 3 and extracted 
with ethyl acetate. The organic phase was washed with water, dried over 
MgS0 4 , and concentrated in vacuo to give ethyl 3-amino-pyridine-6- 
carboxylate as a pale yellow solid. 

A mixture of the product of Step 1 (40.0 g), HgCI 2 (25.0 g) 
triethylamine (27 mL) and ethyl 3-amino-pyridine-6-carboxylate (13 g) and 
DMF (200 mL) was stirred and heated to 55°C for 30 hours. The reaction 
mixture was cooled to 23°C, diluted with ethyl acetate (500 mL) and filtered 
through celite. The filtrate was washed with water (2 x), dried over MgS0 4 
and concentrated in vacuo. The residue was chromatographed over silica 
gel using ethyl acetate in hexane as eluant to give the desired 
intermediate 3. NMR was consistent with the desired structure. 
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Step3 

A suspension of the product of Step 2 (13 g) in 5N hydrochloric ac.d 
(100 mL) was stirred for 16 hours at 23°C. The mixture was concentrated 
in vacuo. The residue was triturated with methanol and the white solid was 
filtered to provide the desired product 4. NMR and MS were consistent 
with the desired structure. 

Step 4 

The product of Step 3 (0.308 g) was suspended in DMF (10 mL) 
and 4-methylmorpholine (0.2 mL) was added to the suspension. The 
mixture was stirred at 23°C for 1 hour. After cooling the reaction mixture to 
0°C, IBCF (0.129 mL) was added. After % hour, a solution of the product 
of Example R (0.416 g) and 4-methylmorpholine (0.11 mL) in DMF (3 mL) 
was added. The mixture was allowed to warm to 23°C over 2 hours. Then 
the mixture was filtered and the filtrate concentrated in vacuo. The residue 
was purified by HPLC to provide 5. Micro-analytical data, NMR and MS 
were consistent with the desired structure. 



'.5 



Step 5 




30 



hct v 

CI' 

A solution of the product of Step 4 in 3.5N HCI was allowed to stand 
at 23°C for 3 hours, concentrated in vacuo and the residue purified by 
HPLC to provide the desired product. Micro-analytical data, NMR and MS 
were consistent with the desired product. 

Analysis calculated for C 21 H 22 Br CI N 6 0 6 • 2CF 3 C0 2 H • H 2 0: 

C, 36.80; H, 3.21; N, 10.30 

Found: C, 36.52; H, 2.90; N, 9.91. 
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Fxam ple 10 




CK ^ XI 
This compound was prepared using the procedure described in 
Example 9, except that the product of Example G was used instead of the 
product of Example R in Step 4. 

Analysis calculated for C 21 H 22 CI 2 N 6 0 6 . 2CF 3 C0 2 H. H 2 0: 

C, 38.93; H, 3.40; N, 10.89; 
Found: C, 39.27; H, 3.12; N, 11-09. 
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Example 11 




The compound was prepared as described for Example 9 using 
product of Example I instead of the product of Example R in Step 4. 
Analysis calculated for. C 21 H 22 Br 2 N 6 0 6 . 2 CF 3 COOH. H 2 0 

C, 35.65; H, 2.87; N, 9.98 
Found: C 35.81; H, 2.79; N, 10.14 
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FXAMPLE 12 



Preparation of (3S)-N-[[4-[(1 ,4,5,6-tetrahydro-5-hydroxy-2- 
pyrirnidinyl)amino]-2-thienyl]carbonyl]glycyl-3-(3,5-dichloro-2- 

hydroxyphenyl)-p-alanine, trifluoroacetate salt 



10 




°v .OH 
H | Coupling 




15 



A solution of 5-bromo-2-thiophene carboxylic acid (5.0 g) in 
concentrated sulfuric acid (30 ml) was chilled to -30°C and treated 
dropwise with a solution of 70% nitric acid (7.7 ml) (d = 1.40) ,n 
concentrated su.furic acid (30 ml). The reaction mixture was st.rred for 30 
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5 minutes at -25°C and then poured over ice water slurry and stirred for a 
few minutes. The precipitated solid was filtered, recrystallized from water 
and dried to afford a white powder (2.3 g). The 1 H-NMR was consistent 
with the proposed structure. 

10 Step 2 : 

A solution of the product from Step 1 (1 .7 g) in THF (25 ml) was 
treated with a catalytic amount of 5% Pd/C under 5 psi atmosphere of 
hydrogen at room temperature for 16 hours. The reaction mixture was 
filtered and concentrated. The residue was heated with ethyl acetate and 
15 filtered to yield a brown solid (750 mg). 1 H-NMR was consistent with the 
proposed structure. 
Step 3 : 

A solution of the product from Step 2 (725 mg) and the guanylating 
reagent G1 in THF (15 ml) and dimethylacetamide (10 ml) was refluxed for 

20 16 hours. The reaction mixture was concentrated and the residue treated 
with a solution of TFA (5 ml) and CH 2 CI 2 (5 ml). After stirring at room 
temperature for 1 hour, the reaction mixture was concentrated and the 
residue purified on reverse phase HPLC using water (0.5% TFA) and 
acetonitrile gradient as eluant to afford a light yellow thick liquid (300 mg). 

25 1 H-NMR was consistent with the proposed structure. 

Step 4 : 

In a flame dried flask under N 2 the product from Step 3 (275 mg) 
was dissolved in 8 ml of dimethylacetamide and N-methylmorpholine (81 

30 mg). The stirred solution was chilled to 0°C and treated dropwise with a 
solution of isobutyl chloroformate (109 mg) in dimethylacetamide (1 ml). 
The reaction mixture was stirred for 45 minutes at 0°C and then treated 
dropwise with a solution of the product of Example G (286 mg) and N- 
methylmorpholine (81 mg) in dimethylacetamide (2 ml). The reaction 

35 mixture was allowed to warm to room temperature and stirring was 

continued for 16 hours. The reaction mixture was concentrated and the 
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10 



residue purified using reverse phase HPLC as described in Step 3 to 
afford a thick colorless liquid (262 mg). 1 H-NMR was consistent with the 
proposed structure. 
Step 5 : 

A solution of the product from Step 4 (250 mg) in methanol (8 ml) 
and 1N sodium hydroxide solution (8 ml) was stirred at room temperature 
for 16 hours. The reaction was quenched with TFA (0.7 ml) and 
concentrated. The residue was purified using reverse phase HPLC as 
described in Step 3 to give a white solid (144 mg). 1 H-NMR was consistent 
with the proposed structure. 
1 5 Analysis calculated for C 20 H 21 N 5 O 6 CI 2 S • 1 .50TFA • 0.25H 2 O: 

C, 39.13; H, 3.28; N, 9.92; S 4.54; CI, 10.04; 
found: C, 38.81; H, 3.17; N, 9.90; S, 4.86; CI, 10.25. 
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FX AMPLE 13 

Preparation of N -[[4-[(4,5-dihyciro-1H-imidazol-2-yl)aminol-2- 
thienyl]carbonyl]glycy.-3-(3,5-dichloro-2-hydroxyphenyl)-P-alan,ne, 

trifluoroacetate salt 



10 



15 




20 



The above compound was prepared in an analogous sequence of 
reactions as used in the preparation of the compound described in 
Examples The guany.ating agent described in Example C (Step 1) was 
used instead of G1 in Step 3 of Example 12. Similarly, the product of 
Example D was used instead of the product of Example G in Step 4. 
1 H-NMR was consistent with the proposed structure. 
Analysis calculated for. C 19 H 19 N 5 0 5 CI 2 S . 1.50TFA • 0.50H 2 O: 

0,38.84; H, 3.18, N, 10.29, S, 4.71; CI, 10.42. 
found- C.38.84; H, 3.01; N, 10.50; S, 5.08; CI, 11.01. 
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5 Step 1 : 

(A) was prepared as described in Step 1 of Example 13 using 5- 
methyl-2-thiophene carboxylic acid (5.2 g). The product was purified by 
extraction with dilute sodium hydroxide solution, acidification with dilute 
hydrochloric acid and extraction into ethyl acetate. The organic extract 
1 0 was dried (Na 2 S0 4 ) and concentrated to afford a yellowish orange solid 
(2.2 g). 1 H-NMR was consistent with the proposed structure. 

Step 2 : 

(B) was prepared using the product of Step 1 (2.2 g) and following 
1 5 the coupling conditions as described in Step 4 of Example 1 2. The 
reaction was concentrated and the residue partitioned between ethyl 
acetate and water. The organic extract was washed with saturated sodium 
chloride solution, dried (Na 2 S0 4 ) and concentrated. The residue was 
recrystallized from ethyl acetate to afford a tan solid (3.5 g). 1 H-NMR was 
20 consistent with the proposed structure. 

Step 3 : 

A solution of the product from Step 2 (2.8 g) in THF (25 ml) was 
treated dropwise with a solution of tin(ll) chloride dihydrate in concentrated 

25 hydrochloric acid (1 .0 g/2 ml) at room temperature until TLC indicated 

complete disappearance of the starting material. The organic solvent was 
removed and the aqueous portion neutralized with sodium bicarbonate 
solution. The aqueous portion was extracted with CH 2 CI 2l dried (Na 2 S0 4 ), 
and concentrated to afford a yellow powder (1.1 g). 1 H-NMR was 

30 consistent with the proposed structure. 

Step 4 : 

To a solution of the product described in Step 3 (375 mg) and the 
product of Step 1 of Example 9 (519 mg) in DMF (15 ml), mercuric 
35 chloride (326 mg) and triethylamine (1 82 mg) were added. The mixture 
was heated at 95-1 00°C for 3 hours. The reaction mixture was cooled, 
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10 



15 



20 



treated with ethyl acetate (30 ml), stirred for 30 minutes and then Altered 
through a pad of ce.ite. The filtrate was concentrated and the res.due 
purified using flash chromatography (eluting with 97.5% CHCI 3 -2.5% 
CH 3 OH) to yield a yellowish brown solid (415mg). 1 H-NMR was consistent 
with the proposed structure. 

§SSE5 A solution of the produot from Step 4 (400 mg) in CH 2 CI, (7.5 ml) 
and TFA (7.5ml) was stirred at room temperature for 1 hour. The react.on 
was oonoentrated and the residue was stirred into a solution of CH,OH (10 
m0 and 1N sodium hydroxide solution (10 ml) a. room temperature for 16 
hours The reaction was quenohed with TFA (0.8 ml) and oonoentrated. 
The residue was purified using reverse phase HPLC as previously 
described to produce a white solid (80 mg). 'H-NMR was consistent w,th 
the proposed structure 

Analysis calculated for: C 21 H 23 N 5 0 6 CI 2 • 1.50 TFA • 0.50 H 2 0: 

C, 39.79; H, 3.55; N, 9.67; S, 4.43; C1 , 9.79. 
found- C, 39.50; H, 3.24; N, 9.58; S, 4.71; C1, 10.22. 
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EXAMPLE 15 

Preparation of (3S)-N-[[4-(4,5,-dihydro-1 H-imidazol-2-yl)amino]-5-methyl- 
2-thienyl]carbonyl]glycyl-3-(3,5-dichloro-2-hydroxyphenyl)-p-alanine, 

trifluoroacetate salt 




The above compound was prepared in an analogous sequence of 
reactions as used in the preparation of the compound described in 
Example 14, except the guanylating agent described in Example C (Step 
1 ) was used instead of the reagent used in Step 4 of Example 14. 1 H-NMR 
was consistent with the proposed structure. 
Analysis calculated for: C 2 oH 2 iN 5 0 5 Cl2S • 1.50 TFA • 0.25 H 2 C\ 

C, 40.04; H, 3.36; N, 10.15; S, 4.65; CI, 10.28. 

found: C, 39.82; H, 3.19; N, 10.17; S, 4.86; CI, 10.69. 
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The title compound was synthesized starting with 2-nitro-5- 
thiophene-carboxylic acid utilizing the same sequence of reactions as 
described in Example 15. For the guanylation reaction, the cond.t.ons 
described in Step G, Example 1 7 were followed. 
Analysis calculated for: Ci9H 19 N 5 0 5 CI 2 S • 1.50 TFA. 

C, 39.36; H, 3.08; N, 10.43; S, 4.78: 
found: C 39.05; H, 2.79; N, 10.37; S, 4.90. 
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10 



15 



Step 1 : 

A mixture of 6-hydroxynicotinic acid (20 g) and colorless fum.ng 
nitric acid (60 ml) (d = 1 .50) was heated to 90-95°C for 3 hours. The 
reaction was cooled to room temperature and poured onto 1 .5 l,tre of an 
ice-water slurry with stirring and then filtered after 15 minutes. The 
precipitate was washed with water and dried to afford a light yellow powder 
(9.3 g). 1 H-NMR was consistent with the proposed structure. 
Analysis calculated for C 6 H4N 2 0 5 : 

C, 39.14; H, 2.19; N, 15.22. 
found: C, 39.08; H, 2.17; N, 15.19. 



Step 2 : 

A mixture of the product from Step 1 (5.0 g) and phosphorus 
oxychloride (15 ml) was refluxed for 3 hours. The reaction mixture was 
cooled to room temperature and added to an ice-water mixture and st.rred 

> 0 for 30 minutes. Additional ice was added to keep the mixture cold dunng 
this period. The reaction mixture was extracted with a THF-ether (1 :2) 
mixture and the organic extracts washed with saturated sodium ch.or.de 
solution, dried (Na 2 S0 4 ) and concentrated. The residue was recrysta.l.zed 
from 1:1 ether-hexane to yield a yellow powder (4.0 g). 1 H-NMR was 

25 consistent with the proposed structure. 



30 



35 



A solution of the product from Step 2 (1 .6 g) in thionyl chloride (5.0 
ml) was refluxed for 3 hours. The reaction was cooled to room 
temperature and evaporated under a stream of nitrogen. The residue was 
dried under vaccuum and used without further purification. In a flame 
dried flask under nitrogen, the product of Example D (3.0 g) was dissolved 
in dimethylacetamide (30 ml) and N,N-diisopropylethylamine (2.3 g). The 
solution was chilled in an ice bath and a solution of the acid chloride (as 
obtained above) in THF (20 ml) was added dropwise. The react.on was 
stirred and allowed to warm to room temperature and then quenched w.th 
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15 



20 



25 



water (25 ml). The mixture was extracted with ethyl acetate and the 
organic extracts washed with saturated sodium chloride solution, dr.ed 
(Na 2 S0 4 ) and concentrated. The resulting yellow solid was recrysta.l.zed 
L ethyl acetate to afford a light yellow powder (3.4 g). H-NMR was 
consistent with the proposed structure 

St ep 4 * 

To a suspension of sodium methoxide (2.2 g) in methanoi (30 ml) 
was added dropwise a. 0»C a solution of .he produot of Step 3 (4.5 g) n 
methanol (30 ml). The reaofion was stirred for 30 minutes and then 
quenched with acetic acid (2.3 ml). The reaction was concentrated and 
partitioned between ethyl acetate and water. The organic extracts were 
dried (N*SOJ. concentrated, and purified on a siiica ge, column (eluUng 
with 80% ethyl acetate -20% hexane) to produce a light yellow sol,d (3.5 
g) . 'H-NMR was consistent with the proposed structure. 

^ A solution of the product described in Step 4 (1 .07 g) in ethanol (25 
mO was treated with a catalytic amount of 3% PUC poisoned with sulfur 
under a 5 psi atmosphere of hydrogen a. room temperature for 4 hour. 
The reaction mixture was filtered and concentrated to yield a white sohd 
(930 mg) which was used without further purification. 'H-NMR was 
consistent with the proposed structure 



30 



35 



To a solution of the produc. of Step 5 (330 mg), G 2 (276 mg) in DMF 
.10 mL) was added triethylamine (150 mg) and mercuric chloride (258 mg) 
and the mixture heated a, 85°C under nitrogen for 16 hours. The reaction 
was cooled, treated with ethyl acetate (25 ml) and filtered. The filtrate was 
concentrated and the residue purified on a silica gel column eluting w,.h 
98% CH 2 CI, - 2% methanol to afford white solid (325 mg). H-NMR was 
consistent with the proposed structure. 
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Step 7 : 



A solution of the product from Step 6 (1 14 mg). TFA (8ml) and 

methylene chloride (ML) — stirred a < room < em P era,ure ,or 90 mimteS ' 
The solvent was evaporated and the residue irea.ed with a solution of 1 N 
sodium hydroxide (8 mL) and methanol (8mL) at room temperature for 16 
hours The reaction was quenched with TFA (1 mL) and concentrated. 
The residue was purified using reverse phase HPLC as previously 
described to afford a white solid (76 mg). 'H-NMR was consistent w,th the 
proposed structure. 

Analysis calculated for: C 21 H 2 2N60 6 CI 2 • 2TFA: 

C, 41 .74; H, 3.88; N, 12.70. 

found: C, 41 .47; H, 3.49; N, 12.85. 
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Step 1 : 

A suspension of the product from Example 17, Step 1 (12.0 g) in 
methanol (200 ml) was treated with concentrated sulfuric acid (1 ml) and 
brought to reflux. After refluxing for 16 hours, the reaction mixture became 
a homogenous solution and was allowed to cool to room temperature. 
Approximately one half of the solvent was removed at which point the 
product crystallized from solution. The mixture was cooled in an ice bath, 
filtered and dried to afford a yellow powder (16.7 g). 1 H-NMR was 
consistent with the proposed structure.. 

Step 2 : 

A solution of the product from Step 1 (2.6 g) in DMF (40 ml) was 
chilled to 0°C under N 2 and treated with a 60% dispersion of sodium 
hydride in mineral oil (655 mg). The mixture was stirred at 0°C for 45 
minutes and then treated with iodomethane (2.8 g) in one portion. The 
reaction was stirred at room temperature for 16 hours, and then partitioned 
between ethyl acetate and water. The aqueous portion was extracted 
several times with additional ethyl acetate and then the combined organic 
extracts were washed with saturated sodium chloride solution, dried 
(Na 2 SO<) and concentrated. The residue was purified on a silica gel 
column (eluting with 2% methanol-98% methylene chloride) to yield a 
yellow solid (1 .9 g). 1 H-NMR was consistent with the proposed structure. 

Step 3 : 

A solution of the product from Step 2 (2.6 g), methanol (60 ml) and 
2N sodium hydroxide solution (60 ml) was stirred at room temperature for 
16 hours. The reaction was quenched with glacial acetic acid (6.9 ml) and 
concentrated. The residue was dried under high vacuum. This material 
was then refluxed with thionyl chloride (100 ml) under nitrogen for 3 hours. 
The reaction was cooled, concentrated and dried thoroughly under high 
> vacuum to afford a tan solid (2.2 g). 1 H-NMR was consistent with the 
proposed structure. In a flame dried flask under nitrogen, the product of 
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5 Example D ,3.5 9 , was dissolved in N.N-dimefhylace. ™de ,3 >-d 
diisopropyle.hylamine (2.9 ml). The solution was oh,..ed to 0 C and 
H 1 a solution ot me aoid chloride ,1 .9 3 , (as ootained above, ,n 
THF (35 ml) The reaction was stirred for 30 minutes and then 
tolled under high vacuum to remove the soivents. The residue was 
10 partitioned between ethyl acetate and water and the aqueous pod»n 
extracted several times with additional ethyl acetate. The combmed 
^anic extracts were washed with water several times and then washed 
1 saturated sodium chloride solution, dried (Na 2 S0 4 ) and concentrated 
,o produce a yellow solid (1 .3 g). 'H-NMR was consistent w,th the 
1 5 proposed structure. . 

^A solution of the product from Step 3(1 0g> in THF (10 m.) and 
DM F (10 mo was treated with a catalytic amoun. of 5% Pt/C under a 5 ps, 
20 alphereofhydrogena.roomtemperaturefor^hours.Thereact.on 

fixture was filtered and concentrated. The residue was taKen up ,n 
mi nima, amount of THF and allowed to crystallize slowly a. room 
temperature. An equal volume of ethyl acetate was added to the 
cjtallized mixture and digested for 15 minutes. The mixture 
25 filed and washed with cold ethyl acetate. The product was dned 

Lord a white solid (730 mg>. 1 H-NMR was consistent with the proposed 



structure 
5 



30 



35 



To a solution of the product from Step 4 (720 mg) and G 2 (581 mg) 
in DMF ,25 ml), .riethylamine ,304 mg) and mercuric chloride (544 mg) 
were added and the mixture heated a, 85°C under nitrogen for 1 hour. The 
reaction mixfure was cooled and filtered through a pad of cel,te. The 

filtra ,e was concentrated and purified on a silica gel column (elut.ng w h 
mlanol-90% chloroform) to yield a white solid ,375 mg). H-NMR 
was consistent with the proposed structure. 
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The above compound was prepared from the compound prepared^ 
Step 5 (360 mg) utilizing the procedure described in Example 14 (Step 5). 
Th e crude product was purified using reverse phase HPLC as previa* 
outlined to yield a white solid (223 mg). 'H-NMR was consistent w„h the 
proposed structure. 

Analysis calculated for: C 21 H 22 N 6 0 6 CI 2 . 2.5TFA . 0.5H 2 O: 

C, 38.11", H, 3.14; N, 10.26; CI, 8.65. 
found- C 38.18; H, 3.05; N, 10.79; CI. 9.34. 



15 
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FXAMPLE 19 

N _ U 6-ch.oro-5- [( 4,5,-di M 

glycyl-3-(3,5-dichloro-2-hydroxyphenyl)-p-alanine, 

(trifluoroacetate) salt, monohydrate 




0 



so.ution of tin(ll) chloride (6.3 g) in concentrated hydrochloric acid 
(10 ml, was prepared and was added dropwise to a solution of the product 
L Step 3. Examp.e17 (1 .0 g) in THF (15 ml). The reaction was s,rred for 
15 minutes a. which time the reaction had cooled back to room 
temperature. The organic solvent was removed to give a gummy 
precipitate. The aqueous portion was decanted and the gummy prec,p„a.e 
partitioned between ethyl acetate and dilute sodium bicarbonate soK*on. 
The aqueous portion was extracted several times with additional ethyl 
acetate and the combined organic extracts were then washed with water 
and saturated sodium chloride solution, dried (Na 2 SO<) and concentrated. 
The residue was dried under vaccuum to afford a tan powder (375 mg). 
'H-NMR was consistent with the proposed structure. 

Step 2 : , , . 

The compound described in Step 1 (365 mg) was guanylated 

utilizing the methodology outlined in Step 5. Examples. The crude 
product was purified on a silica ge, column (eluflng with 2% ^mefhano, . 
98% chloroform) to yield a brownish .hick liquid (205 mg). H-NMR was 
consistent with the proposed structure. 
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The title compound was prepared using the product of Step 2 (200 
mg) and following the procedure described in Step 7, Example 17. The 
crude product was purified using the reverse phase HPLC as previously 
described to afford a white solid (53 mg). 1 H-NMR was consistent w,th the 
proposed structure. 

Analysis calculated for C 2 oH 19 N 6 0 5 CI 3 • 1 .7 TFA • I.O H 2 0: 

C, 37.90; H, 3.09; N, 11.33; CI, 14.34. 
found: C, 37.53; H, 2.71 ;N,1 1.33; CI, 15.01. 
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EXAMPLE 20 

N-[[5-[(4,5,-dihydro-1H-imidazol-2-yl)amino]-1,6-dihydro-6-oxo-3-pyridinyl]- 
carbonyl]glycyl-3-(3,5-dichloro-2-hydroxyphenyl)-|B-alanine, 
(trifluoroacetate) salt 




The above compound was prepared by dissolving the product from 
Example 17, Step 6 (353 mg) in a 6N solution of hydrochloric acid (50 ml) 
at room temperature for 48 hours. The reaction was concentrated and the 
residue purified using reverse phase HPLC as previously described to 
afford a white solid (115 mg). 1 H-NMR was consistent with the proposed 
structure. 

Analysis calculated for C2oH2oN 6 0 6 Cl2 • 1 -25 TFA: 

C, 41.33; H, 3.28; N, 12.85. 
found: C, 41.57; H, 3.29; N, 12.92. 
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The starting material used in the preparation of the title compound 
was synthesized utilizing the sequence of reactions described in Example 
17 (Steps 1-3). Instead of the product of Example D the chiral intermediate 
of Example G was utilized in the coupling reaction detailed in Step 3. 

Step 1 : 

(A) was prepared using the procedure given in Step 4, Example 17. 
1 H-NMR was consistent with the proposed structure. 

Step 2 : 

A solution of the material from Step 1 (2.7 g) in 4N anhydrous 
HCI/dioxane (100 ml) was warmed to 45°C under N 2 for 72 hours. The 
reaction was concentrated to dryness to afford a light brown solid (2.6 g). 
1 H-NMR was consistent with the proposed structure. 

Step 3 : 

A solution of the product from Step 2 (1 .85 g) in ethanol (50 ml) was 
treated with a catalytic amount of 5% Pt/C under a 5 psi atmosphere of 
hydrogen at room temperature for 2 hours. The reaction mixture was 
filtered and concentrated and the residue purified using reverse phase 
HPLC to yield a white solid (507 mg). 1 H-NMR was consistent with the 
proposed structure. 

Step 4 : 

To a solution of the product from Step 3 (500 mg) and the product of 
Step 1 of Example 4 (650 mg) in DMF (15 ml), triethylamine (304 mg) and 
mercuric chloride (408 mg) were added and the mixture heated to 100°C 
for 2 hours under nitrogen. The reaction mixture was cooled to room 
temperature and stirred with ethyl acetate (30 ml) for 15 minutes and then 
filtered. The filtrate was concentrated and the residue treated with a 
solution of TFA (7 ml) and CH 2 CI 2 (7 ml) at room temperature for one hour. 
The mixture was concentrated and the residue purified using reverse 
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phase HPLC as previously described to afford a white solid (400 mg). 1 H- 
NMR was consistent with the proposed structure. 

Step 5 : 

A solution of the product from Step 4 (200 mg), 1 N sodium 
hydroxide (8 ml) and methanol (8 ml) was stirred at room temperature for 
16 hours. The reaction was quenched with TFA (1 ml) and concentrated. 
The residue was purified using reverse phase HPLC as previously 
described to yield a white solid (79 mg). 1 H-NMR was consistent with the 
proposed structure. 

Analysis calculated for C21H22N6O7CI2 • 1 5 TFA: 

C, 40.46; H, 3.32; N, 11.80. 

found: C, 40.12; H, 3.57; N, 12.26. 
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5 Step 1 : 

To a solution of 2-hydroxynicotinic acid (10. Og, 71.9 mmol) in 
concentrated sulfuric acid (28.6 ml), was added fuming nitric acid (7.1 ml) 
in a dropwise fashion. The reaction mixture was heated at 55°C for 4 
hours. The cooled reaction mixture was poured onto ice-water. The 
1 0 product precipitated as a yellow solid. The precipitated solid was collected 
by filtration, washed with water, and air dried to yield the desired product 
(7.2 g, 54% yield). NMR was consistent with the proposed structure. 

Step 2 : 

1 5 A solution of the product of Step 1 (5.0 g, 27.2 mmol) in phosphorus 

oxychloride (13.5 g) was refluxed for 4.5 hours. The cooled reaction 
mixture was poured onto ice water (200 g). The resulting mixture was 
stirred for 30 minutes and extracted with tetrahydrofuran/ethyl acetate 
(2/1 ). The organic layer was washed with brine, dried over Na 2 S0 4 , and 

20 filtered. The filtrate was concentrated to give an oil. The oil was treated 
with a mixture of hexane/ether (4/1) to give the desired product as a fine 
yellow powder (5.0 g, 91 % yield). NMR was consistent with the proposed 
structure. 

25 Step 3 : 

A solution of the product of Step 2 (3.1 g, 15.3 mmol) in thionyl 
chloride (8.1 ml) was refluxed for 4.5 hours. The remaining thionyl chloride 
was removed from the reaction mixture under reduced pressure to give a 
pale brown oil. This oil was dried under vacuum to give the product as a 
30 yellow solid (2.7 g, 79% yield). NMR was consistent with the proposed 
structure. 

Step 4 : 

Diisopropylethylamine (3.7 g, 4.9 ml) was added to a solution of the 
35 product of Example D ( 5.5 g, 14.8 mmol) in N,N-dimethylacetamide (40 
ml) and tetrahydrofuran (15 ml) and the reaction mixture cooled to -5°C. A 



- 137 - 



5 solution of the product of Step 3 (3.1 g, 14.1 mmol) in tetrahydrofuran (25 
ml) was added to the reaction over 15 minutes. The reaction was stirred at 
-5° C for 30 minutes and allowed to warm to room temperature. After 3 
hours, tetrahydrofuran was removed from the reaction mixture under 
reduced pressure. The reaction mixture was poured onto ice-water . The 

1 0 precipitated solid was collected by filtration, washed with water, and dried 
in air to give the product as a yellow solid (6.2g, 85% yield). NMR was 
consistent with the proposed structure. 

Step 5 : 

1 5 A solution of the product of Step 4 (4.0 g, 7.7 mmol) and sodium 

methoxide (1 .67 g, 30.8 mmol) in methanol (45 ml) was stirred at 0° C for 4 
hours. The reaction was neutralized with acetic acid. Methanol was 
removed from the reaction mixture and the crude mixture was purified by 
chromatography (silica gel, ethyl acetate-toluene, 6/4) to give the desired 

20 product as a yellow solid (2.5 g, 67% yield). NMR was consistent with the 
proposed structure. 

Step 6 : 

A mixture of the product of Step 5 (0.99 g, 1 .9 mmol), 3% platinum 
25 on carbon, and methanol was treated with H 2 gas under 5 psi at room 
temperature for 16 hours. Platinum catalyst was removed by filtration. 
Methanol was removed under reduced pressure to give the desired 
product as a yellow solid (0.62 g, 70% yield). This was used in the next 
reaction without further purification. NMR was consistent with the 
30 proposed structure. 

Step 7 : 

A mixture of the product of Step 6 (0.26g, 0.54 mmol), G 2 ( 0.18 g, 
0.59 mmol), triethylamine (0.25 g, 1.78 mmol), mercury(ll) chloride (0.16 g, 
35 0.59 mmol), and N,N-dimethylformamide (15 ml) was heated at 90-5°C for 
1 6 hours. The cooled reaction mixture was filtered through a short celite 
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column with ethyl acetate (40 ml) and then dichloromethane (30 ml). The 
crude mixture was chromatographed (silica gel, CH 2 CI 2 -CH 3 OH-NH 4 OH, 
95/5/0.5) to give the product as a yellow solid (0.31 g, 76% yield). NMR 
was consistent with the proposed structure. 

Step 8 : 

A solution of the product of Step 7 (0.31 g, 0.41 mmol), 
trifluoroacetic acid ( 3.5 ml), and dichloromethane (7.0ml) was stirred at 
room temperature for 2 hours. Trifluoroacetic acid and dichloromethane 
were removed under reduced pressure and the crude mixture was treated 
with methanol (5 ml) and sodium hydroxide solution (2N, 2.5 ml) for 18 
hours at room temperature. Acetic acid was added to netrualize sodium 
hydroxide. Methanol was removed to give a crude mixture. The crude 
mixture was purified using reverse phase HPLC to give the above 
compound as a white solid (0.10 g, 36% yield). 
Analysis calculated for C 21 H 22 N 6 0 6 CI 2 .1 .3CF 3 COOH.0.25H 2 O: 

C, 41.80; H, 3.54; N, 12.39; CI, 10.46; 
Found: C, 42.12; H, 3.84; N, 11.87; CI, 10.99. 
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EXAMPLE 23 

Preparation of N-[[5-(4,5,-dihydro-1 H-imidazol-2-yl)amino]-1 ,2-dihydro-2- 
oxo-3-pyridinyl]-carbonyl]glycyl-3-(3,5-dichloro-2-hydroxyphenyl)-p- 

alanine, (trifluoroacetate) salt 




A solution of the product (0.21 g, 0.28 mmol) of Step 7, Example 22, 
in dioxane (4 ml) was treated with 6N HCI ( 6 ml) at room temperature for 
72 hours. The solvent was removed under reduced pressure and the 
crude mixture purified on a reverse phase HPLC using acetonirtile-water 
as eluent to give the desired compound as an off white solid (0.052 g, 27% 
yield). 

Analysis calculated for C 2 oH2oN60 6 Cl2*1.6CF3COOH: 

C, 40.17; H, 3.14; N, 12.11; 
found: C, 40.10; H, 3.22; N, 11.84. 
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5 The Steps 1 and 2 in the synthesis of the target compound were 

carried out following the literature procedures (Justus Liebigs. Ann. Chem, 
512, 97, 1934 and J. Heterocyclic Chem. 21, 737, 1994 respectively). 

Step 3 : 

10 To a solution of the product of Step 2 (0.9 g, 5.3 mmol) and G 2 (1 .9 

g, 5.9 mmol) in DMF (25 ml), triethylamine (2.5 ml, 17.6 mmol) and 
mercuric chloride (1 .6 g, 5.9 mmol) were added. After heating the mixture 
at 80-85°C for 18 hours, the reaction mixture was cooled and filtered 
through a celite column. The residue was washed with methylene chloride 

1 5 and the combined fractions concentrated. The residue was redissolved in 
methylene chloride and washed with water and brine. After drying over 
sodium sulfate, the mixture was filtered and concentrated. The crude 
orange solid (1.8 g) was purified using silica gel chromatography 
(hexane/ethyl acetate 1/1) to give the N-Boc protected product as an off- 

20 white solid (1.4 g). 

Step 4 : 

To a solution of the product of Step 3 (2.4 g, 5.5 mmol) in ethanol 
(50 ml), aqueous lithium hydroxide (526 mg in 5 ml water) was added. The 

25 reaction mixture was stirred at room temperature for 24 hours. Acetic acid 
(22 ml) was added to the reaction and the mixture stirred for 15 miniutes. 
After removal of the solvent under reduced pressure, the crude mixture 
was purified on a reverse phase HPLC (acetonitrile/water containing 
trifluoroacetic acid) to give the product as a TFA salt as a thick white 

30 liquid. The residue was treated with hydrogen chloride (4M solution in 
dioxane) and stirred for 10 minutes. The reaction was concentrated to 
remove the solvent and the process repeated twice to give the desired 
product as a white solid (3.9 g). The product was used in the next Step 
without further purification. 

35 
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Step 5 : 

To a solution of the of the product of Step 4 (0.9 g, 3.7 mmol) in 
DMF (15 ml) at 0°C, N-methylmorpholine (605 ml, 5.5 mmol) and isobutyl 
chloroformate (475 ml, 3.7 mmol) were added sequentially. After stirring 
for 5 minutes, a solution of the product of Step D in DMF (10 ml) containing 
N-methylmorpholine (605 ml, 5.5 mmol) was injected into the reaction. The 
mixture was allowed to stir at 0°C for 1 hour and at room temperature for 
36 hours. The solvent was removed under reduced pressure and the 
residue purified on a reverse phase HPLC (acetonitrile/water containing 
trifluoroacetic acid) to give the product (525 mg) as a TFA salt. 



Step 6 : 

To a solution of the product of Step 5 (540 mg, 1 mmol) in ethanol 
(50 ml), aqueous lithium hydroxide (144 mg in 10 ml water) was added. 
Tho reaction mixture was stirred at room temperature for 24 hours. Acetic 
acid (305 ml) was added to the reaction and the mixture stirred for 15 
minutes. After removal of the solvent under reduced pressure, the crude 
mixture was purified on a reverse phase HPLC (acetonitrile/water 
containing trifluoroacetic acid) to give the desired product (486 mg, 75% 
yield) as a TFA salt. 

Analysis calculated for Ci 9 H 2 iN70 5 Cl2 .1.5CF 3 C0 2 H: 

C, 39.48, H, 3.39; N, 14.65. 
Found: C, 39.29; H, 3.14; N, 14.72. 

NMR and MS were consistent with the desired structure. 
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EXAMPLE 25 

Preparation of N-[[5-[(4,5-dihydro-1 H-imidazol-2-yl)amino]- 1 H-pyrazol-3- 
yl]carbonyl]-glycyl-3-(3,5-dichloro-2-hydroxyphenyl)-Mla nine . 
(trifluoroacetate) salt 




The compound was synthesized as in the Example 24 utilizing 
benzylhydrazine instead of methylhydrazine in Step 2. The resulting N- 
benzyl pyrazole compound was deprotected in the last Step using catalytic 
hydrogenation conditions (5% Pd/C, 20 psi, room temperature, 26 hours). 
This reaction was carried out using acetic acid-trifluoroacetic acid (4/1) as 
the solvent. 

Analysis calculated for C 18 H 19 N70 5 CI 2 .1 .75CF 3 C0 2 H. 1.25H 2 0: 

C, 36.56; H, 3.32; N, 13.88. 
found: C, 36.35; H, 2.96; N, 14.28. 

NMR and MS were consistent with the desired structure. 
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Fxample 26 



HO 




H H 

N N 

II 
N 




The above compound was prepared as described in Example 9 
1 0 except the product of Example S was used instead of the product of 
Example R in Step 4. 

Analysis calculated for C 21 H 22 BrlN 6 0 6 . 2 CF 3 COOH. 0.25 H 2 0 

C, 33.60; H, 2.76; N, 9.40 
Found C, 34.23; H, 2.35; N, 9.72 
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Example 27 



MeCT^N 



OH 




/OH 

H I Hydrolysis 




OH 



I I] 



MeO N 



(2) 



OEt 





The starting material needed in this preparation was synthesized 
1 0 utilizing the procedure of Example 21 , Step 1 . 



15 



Step 1 

A solution of the starting material (1 .4 g) in ethanol (50 ml) was 
treated with a catalytic amount of 5% Pt/C under 5 psi pressure of 
hydrogen at room temperature for 5 hours. The reaction mixture was 
filtered, concentrated, and dried to afford a white solid (1.1 g). 1 H-NMR 
was consistent with the proposed structure. 



20 



Step 2 

The compound 2 was prepared by following the experimental 
procedure given in Step 4 of Example 21 . 1 H-NMR was consistent with the 
proposed structure. 



25 



Step 3 

The ester group of compound 2 was hydrolyzed following the 
experimental procedure given in Step 5 of Example 21 . 1 H-NMR was 
consistent with the proposed structure. 
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Analysis calculated for C 22 H 24 N 6 0 7 CI 2 .1.50 TFA. 0.25 H 2 0: 

C, 41.08; H, 3.59; N, 11.50. 

Found: C, 41.03; H, 3.69; N, 11.45. 
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5 The starting material needed in this preparation was prepared as 

described in Step 1, Example 18. 

Step 1 

The compound 1 was prepared following the procedure given in 
10 Step 2 of Example 18 except that 2-methoxyethoxymethyl chloride was 
used as the alkylating agent instead of iodomethane. 1 H-NMR was 
consistent with the proposed structure. 

Step 2 

15 A solution of the product described in Step 1 (4.6 g) in methanol (50 

ml) was treated with a catalytic amount of 5% Pt/C under 5 psi pressure of 
hydrogen at room temperature for 2 hours. The reaction mixture was 
filtered, concentrated and dried to afford a viscous oil (4.3 g). 1 H-NMR 
was consistent with the proposed structure. 

20 

Step 3 

A portion of the product of Step 2 (2.0 g) was guanylated using the 
reaction conditions described in Step 4 of Example 21 to afford the product 
3_as a viscous golden oil (890 mg) . 1 H-NMR was consistent with the 
25 proposed structure. 

Step 4 

The ester group from the product 3 was hydrolyzed using the 
experimental procedure given in Step 5 of Example 21. 1 H-NMR was 
30 consistent with the proposed structure. 

Step 5 

The product of Step 4 was coupled to the product of Example I 
following the procedure given in Step 4 of Example 12. 1 H-NMR was 
35 consistent with the proposed structure. 
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Step. 6 

The ester group from the product of Step 5 was hydrolyzed following 
the procedure given in Step 5 of Example 21 . 1 H-NMR was consistent with 
the proposed structure. 
1 0 Analysis calculated for C 25 H 3 i N 6 0 9 Br 2 ' 1 .75TFA • 0.25 H 2 0: 

C, 37.07; H, 3.63; N, 9.10. 
. Found: C, 36.86; H, 3.66; N, 9.39. 
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1 0 The product of Step 5 of Example 28 was used as the starting material 

in this procedure. 

Step 1 

A portion (425 mg) of the starting material was treated with saturated 
15 anhydrous HCI in ethanol (1 0 ml) at room temperature for four hours. The 

reaction mixture was concentrated to dryness and the product was used in the 
next step without purification. 

Step 2 

20 The ester group from the crude product of Step 1 was hydrolyzed 

following the procedure in Step 5 of Example 21 . 1 H-NMR was consistent with 
the proposed structure. 




5 Analysis calculated for CziH^NeOrBrz ■ 1.75TFA " 0.25 H 2 0: 

C, 35.27; H, 2.93; N, 10.07. 
Found: C, 35.21; H, 3.16; N, 10.27. 




The above compound was prepared following the procedures described 
for Example G,. In step 2A, 3-iodo-5-bromosalicylaldehyde was used instead of 
3, 5-dichlorosalicylaldehyde. 



153 



Example T 




The above compound was prepared following the procedures described 
for Example G. In step 2A, 3-bromo-5-chlorosalicylaldehyde was used instead of 
3, 5-dichlorosalicylaldehyde. Similarly, in step 2B, R-phenylglycinol was used 
instead of S-phenylglycinol. 



154 



Example U 




The above compound was prepared following the procedures described 
for Example D. The racemic mixture obtained in step 2 was resolved as 
described below. 
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T T 






10 



15 



^To the racemic amino ester hydrochloride (50. 0 g, 158.9 mmol) obtained 
from Step 2 , example D, in CH,CI 2 (500 mL) and water (380 mL) was added 
NaHC03(38.2 g, 454.5 mmol). The mixture was stirred a, room temperature for 
10 minutes with vigorous gas evolution. A solution of benzyl ohloroformate (43.4 
g 222 8 mmol) in CH,CI 2 (435 mL) was added over 20 minutes with rap.d 
stirring After 40 minutes, the reaction mixture was poured into a separatory 
funnel and the organic solution collected. The aqueous phase was washed w,.h 
CH! CM170 mL). The combined organic solution was dried (MgSO.) and 



156 



10 



concentrated in vacuo. The resulting gummy solid was triturated with hexane 
and collected by filtration. The tan solid was dried in vacuo to give the des.red 
racemic product, 

(62 9 g 96%. yield). This material was subjected to reverse phase HPLC us.ng 
a chira. column to give each pure enantiomer, A and B. The column employed 
was a Whelk-0 (R,R), 10 micron particle size using a 90:10 heptane: ethanol 
mobile phase. Optical purity was determined to be >98% using analyt.cal HPLC 
with similar solvent and conditions. 1 H NMR was consistent with proposed 
structure. 



15 Step 2A 

H 9 N 




To a solution of Enantiomer A, Step 1 (57.9 g, 140.4 mmol) in CH 2 CI 2 (600 
mL) was added trimethylsilyl iodide (33.7 g, 168.5 mmol) in CH 2 CI 2 (125 mL) via 

o canula. The orange solution was stirred at room temperature for 1 hour. 

Methanol (27.3 mL, 674.1 mmol) was added dropwise and the solution st.rred for 
15 minutes The reaction solution was concentrated in vacuo to give an orange 
oil The residue was dissolved in methyl f-butyl ether (670 mL) and extracted 
with 1M HCI (420 mL) and water (1 X 230 mL, 1 X 130 mL). The aqueous 

« extracts were back washed with MTBE (1 30 mL). To the aqueous solution was 
added solid NaHC0 3 (52.9 g, 630 mmol) in sma.l portions. The basified aqueous 
mixture was extracted with MTBE (1 X 1 .2 L, 2 X 265 mL). The combined 
organic solution was washed with brine and concentrated in vacuo to g.ve the 
desired product, (28.6 g, 73% yield). 1 H NMR was consistent with proposed 

30 structure. 
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To a solution of the Enantiomer B, Step 1 , the compound of Example 1 
(38.5 g, 93.4 mmol) in CH 2 CI 2 (380 mL) was added trimethylsilyl iodide (25.0 g, 
125.0 mmol) in CH 2 CI 2 (80 mL) via canula. The orange solution was stirred at 
room temperature for 1 .5 hours. Methanol (20.0 mL, 500.0 mmol) was added 
dropwise and the solution stirred for 20 minutes. The reaction solution was 
concentrated in vacuo to give an orange oil. The residue was dissolved in 
diethyl ether (450 mL) and extracted with 1M HCI (320 mL) and water (1 X 200 
mL, 1 X 1 00 mL). The aqueous extracts were back washed with diethyl ether 
(100 mL). To the aqueous solution was added solid NaHCO 3 (40.1 g, 478 mmol) 
in small portions. The basified aqueous mixture was extracted with diethyl ether 
(1 X 1 .0 L, 2 X 200 mL). The combined organic solution was washed with brine 
and concentrated in vacuo to give the desired product (20.8 g, 80% yield). 
Anal, calculated for CnH 13 CI 2 N0 3 : 

C, 47.50; H, 4.71; N, 5.04. 
Found: C, 47.11; H, 4.66; N, 4.93. 

The product of step 2B was converted to the target intermediate by using 
the reagents and conditions described in steps 4 and 5 of example G. 
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Example V 



HCI 

Br 



The above compound was prepared following the procedures described 
i Example G. In step 2A, 5-bromo-3-iodobenzaldehyde was used instead of 3, 
i-dichlorosalicylaldehyde. 
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5 Example 30 




io Step 1. 

Preparation of 




15 To a stirred solution of methyl 4-methoxy-2-aminopicolinate (602 mg,3.3 

mmol) (JACS,78, 4130,1956) in CH 2 CI 2 (20ml), was added 
benzoylisothiocyanate (1 ml, Aldrich), and the reaction mixture was stirred at 
room temperature for 90 minutes. The mixture was diluted with ether (20 ml). 
The mixture was cooled in an ice bath and solid was filtered and washed with 

20 ether and dried to give the desired compound (828 mg, 73.27% yield) as white 
solid: 1 H NMR: 300MHz was consistent with proposed structure 
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10 



15 



Step 2 . 

Preparation of 



20 




OCH 3 



To a stirred solution of the product of Step 1 (750 mg.2.17 mmol) in 
methanol (30 ml), under nitrogen atmosphere was added NaOMe (538 mg). The 
reaction mixture was stirred at room temperature for 2 hours. The mixture was 
quenched with glacial acetic acid (0.575 ml), and was stirred at room 
temperature for 15 minutes. The solid was filtered under vacuum, washed w.th 
co.d methanol and dried to give the desired compound (385 mg, 73% yield) as 
white solid: 1 H NMR: 300MHz was consistent with proposed structure. 



Step 3 

Preparation of 



O 

VOCH3 
' HI 

OCH3 



NH 2 



25 



To a stirred solution of the product of Step 2 (364 mg, 1.5 mmol) in 
methanol (20 ml), was added iodomethane (0.25 ml). The reaction mixture was 
heated to reflux for 2 hours. The mixture was cooled to room temperature and 
was concentrated to give the desired compound (560 mg) as white solid: H 
NMR: 300MHz was consistent with proposed structure. 
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Step 4 

Preparation of 

H O 

V H T N ir A ° CH3 

och 3 

To a stirred solution of the product of Step 3 (500 mg.1 .30 mmol) in N.N- 
dimethylacetamide (10 ml), was added 1,3-diamino-2-hydroxypropane (123 mg, 
1 .37 mmol). The reaction mixture was heated to 90° C for 2 hours. The mixture 
was concentrated in vacuo to give the crude product which was purified by 
reverse phase HPLC to give the desired compound (228 mg) as white solid. 
1 H NMR: 300MHz was consistent with proposed structure. 



Step 5 

Preparation of 

' H M I 

OCH3 

To a stirred solution of the product of Step 4 (200 mg) in methanol (3 ml), 
and THF (3ml), was added 1N NaOH solution (3 ml). The reaction mixture was 
stirred at room temperature for 1 hour. The mixture was concentrated in vacuo to 
yield an oily gum which was taken up in water (2ml), and was neutralized with 
1 N HCI (3 ml). The mixture was concentrated in vacuo to give the crude product 
which was purified by reverse phase HPLC to give the desired compound (228 
mg) as white solid. 1 H NMR: 300MHz was consistent with the proposed 
structure. 
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Step 6 

Preparation of 



H O H 

OCH 3 c| ^^ Br 
TFA 

To a stirred solution of the product of Step 5 (1 51 .25 mg, 0.5 mmol) in 
N N-dime.hylace.amide (5 ml) was added 4-mefhylmorpholine (202 mg,2 mmol), 
and 1-hydroxyben Z otria Z ole (67 mg. 0.5 mmol), and, the amino ester product of 
Example R (208.5 mg, 0.5 mmol). The mixture was stirred a. room temperature 
for 5 minutes. The reaction mixture was treated with 1 .[3-<dimethylamino)propyl- 
3-e.hylcaroodiimide (96 mg, 0.5 mmol), and 4-(dime.hylamino)pyridina (10 mg). 
The reaction mixture was stirred a. room temperature under nitrogen atmosphere 
for 72 hours. The reaction mixture was quenched with water (1 ml) and 
concentrated in vacuo .0 give the crude product which was purified by reverse 
phase HPLC .0 give the desired compound (42 mg) as white solid. H NMR: 
400MHz was consistent with the proposed structure. 
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To a stirred solution of the product of Step 6 (35 mg) in methanol (3 ml), 
and THF (3ml), was added 1N NaOH solution (3 ml). The reaction mixture was 
stirred at room temperature for 1 hour. The mixture was concentrated ,n vacuo 
to yield an oily gum which was taken up in water (2ml), and neutralized with 1N 
HCI (3 ml) The mixture was concentrated in vacuo to give the crude product 
which was purified by reverse phase HPLC to give the desired compound 
(22mg> as a white solid. fl H NMR: 400MHz was consistent with the proposed 



structure. 

Analysis Calculated for: C 22 H 24 N 6 O 7 BrCr2TFA,0 5H 2 0: 

C,37.22;H,3.25;N,10.04 
Found: C.36.91 ;H,3.17,N,10.02 
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Example 31 




TFA 



Step 1 

Preparation of 




0 



To a stirred solution of the product of Step 4 of Example 30 (900 mg) in 
glacial acetic acid (10ml) was added 48 % HBr (10 ml). The reaction mixture was 
heated to reflux for 3 hours The mixture was cooled to room temperature and 
stirred at room temperature for 18 hours. The mixture was concentrated in vacuo 
to give the crude product which was purified by reverse phase HPLC to give the 
desired compound (720 mg) as an oily gum. 1 H NMR: 300MHz was consistent 
with the proposed structure. 
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Step 2 

Preparation of 




H 

i 



N-^Y N >^C0 2 C 2 H 5 

» ° rV 0H 



TFA 



To a stirred solution of the produot of Step 1 (720 mg, 1 .7 mmol) in N,N- 
dimethylace.amide (10 mi) was added 4-me,hyimor P noline (520 mg. 5 2 mmol) 
and 1-hydroxyoenzo.riazole (221 mg. 1.71 mmol), and the amino ester produc. 
of Example R (710 mg, 1.71 mmol). The mixture was stirred at room 
temperature for 5 minutes. The reaotion mixture was treated w,th 1-[3- 
(dimethylamino)propyl-3-e.hylcarbodiimide (211mg, 1.7 mmol), and 4- 
( dime,hylamino)pyrdine (10 mg). The reaotion mixture was stirred a, room 
temperature under nitrogen atmosphere for 72 hours. The reaCon m«1ure was 
q uenohed with water (1ml) and oonoen.ra.ed in vacuo to give .he crude produc, 
whioh was purified by reverse phase HPLC to give .ha desired compound (1 82 
mg) as white solid. 'H NMR. 300MHz was consistent with the proposed 
structure. 



Step 3 

Preparation of 




H 

i 



H O J-y-OH 



TFA 
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To a stirred solution of the product of Step 2 (100 mg) in methanol (3 ml), 
and THF (3ml), was added 1N NaOH solution (3 ml). The reaction mixture was 
stirred at room temperature for 1 hour. The mixture was concentrated in vacuo to 
yield an oily gum which was taken up in water (2ml), and neutralized with 1N HC. 
(3 ml) The mixture was concentrated in vacuo to give the crude product wh.ch 
was purified by reverse phase HPLC to give the desired compound (42 mg) as a 
white solid. 1 H NMR: 300MHz was consistent with the proposed structure. 
Analysis Calculated for C 2 iH 22 N 6 0 7 BrC1 1 5TFA.0 5H 2 0: 

C,37.64;H,3.22;N,10.97 
Found: C,37.56;H,3.05;N,10.99 
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Fvample 32 



11 nu 



TFA 
Compound A 



Br 

Compound B 



r Y 

HO^ N 




'IX 

2.4 TFA cr^^*' 



To a so> Ut ion o, the prod U c. of Step 3. Example 9 (860 ma 2.45 mmo,) 
„.= t 1 1 0 a 2 41 mmol) in dimethylacetam.de (24 mL) 

r 6 : L Tl mTr— n solution was slimed f or 15 minutes and E OC 
470 mg 2 45 mmo ) was added. The mixture was warmed to room temperature 

oh. The mixture was oonoentrated in vacuo and the residue pamfonad 
^ e. V "I and water. The a q ueous solution was extracted with ethy, 
ac^e and he combined organic iayers were dried (Na,SO,> and conoen ra ed. 

Lue w as ^ by RP hplc -~ 

■ .■ „,?sminHo give the desired coupled product along wrth 

^ m cunTe r« mg, This ™.e„ (compound B) was treated with 
recoveieu k ... oHn.ir<; The solution was acidified to 

^ M aqueous NaOH (6mL) and stirred for 3 hours. The 



pH4 
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10 



with jFA The mixture was purified by RP HPLC (95:5 water/TFAMeCN starring 
lien,, retention time 24.5 m in> to 9 ive the desired produot ,160 n* 8 % yreld 
for the two steps). 

Analysis calculated for: C 2 iH 22 BrCIN 5 0 6 + 2.4 TFA: 

C, 36.74; H, 2.92; N, 9.96. 
Found: C. 36.83; H, 3.07; N, 9.88. 

1 H NMR was consistent with the proposed structure. 



V 
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Fxample 33 



,Boc 



OjN. .-^ -C02CH3 SHW^Y% 
1 7 HCT N 



.CO2CH3 H °^(^/^v' c ^V'^ c ^ 

n O Boc 



N — N-H 



2. Deprotection 



1) Coupling 
AjNH 2 

2) Hydrolysis 



cr 




C0 2 H 
OH 

Br 



Step 1 



A solution of .he materia, from Step 2. Example 18 (6.720) in THF (80ml) 
was treated with a catalytic amount of 5% Pd/C under a Spsl atmosphere of 
hydro9 en a, room temperature for 2 hours. The reaofion mixture was f.ter d and 
L residue washed with DMF (250m,) . The filtrate was concentrated and he 
"Le treated wifh efher, filfered, and air dried ,0 afford a brown powder 

which was used directly in the next step without further purification. H-NMR 

was consistent with the proposed structure. 



Step 2 



The material from Step 1 (SOOmg) was guanylated using the tris boc 
reagent and the conditions described in Step 4 of Example 21 fo afford the 
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5 



. j__ n , a « 'H-NMR was consistent with the 

desired product (128mg) as a golden glass. H nmk w 

proposed structure. 



Step 3 



10 



15 



20 



The ester group from the product of Step 2 was hydrolyzed using the 

. c .„ a nf FxamDle 21 'H-NMR was consistent 
experimental procedure given in Step 5 of Example z . 

with the proposed structure. 

Analysis calculated for. C1H14N4O4.I.5TFA 

C, 38.45; H, 3.57; N, 12.81. 

Found: C, 38.32; H, 3.77; N, 12.80. 



Step 4 



The desired compound was prepared utilizing the same methodology as 
described in Step 4. Example 12 by coupling the product described in Step 
with the product of Example R. 'H-NMR was consistent with the proposed 



structure. 
Step 5 



25 



30 



The ester group from the product in Step A was hydrolyzed utilizing the 
same procedure as described in Step 5 of Example 12. 'H-NMR was consent 
for the proposed structure. 

Analysis calculated for: C 2l H 22 N 6 O 7 BrC..1.5TFA.0.25H 2 O 

Y c 37.86; H, 3.18; N, 11.04; CI, 4.66; Br, 10.50. 

pound: C, 37.60; H, 3.26; N, 11.20; CI, 4.79; Br, 10.19 
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Fxamole 34 




The above compound was prepared utilizing the methodology described 
in Example 33. In Step 4. the product of Example H was used instead of the 
product of Example R. 

Analysis calculated for: C 21 H 22 N 6 O 7 BrCI.2.0TFA.0.5H 2 O 

C, 36.49; H, 3.06; N, 10.21 
Found C,36.10,H,2.83;N,10.29 
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Example 35 




C0 2 H 



The above compound was prepared utilizing the methodology desoribed 
in Example 33. In Step 4, the product of Example V was used instead of the 
product of Example R. 

Analysis calculated for: CziH^NeOeBrz 1 .75TFA. 

C.35.76; H, 3.03; N, 10.21. 

Found: C 35.58; H.3.07; N, 10.61. 
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Step 1 

The product from Step 1 of Example 33 (261 mg) was guanylated using 
the bis-boc reagent G 2 and the reaction conditions described in Step 5 of 
Example 18 to afford the product as a white solid (207mg). This material was 
then saponified using the experimental conditions described in Step 5, Example 
21 The 'H-NMR was consistent with the proposed structure. 



Step 2 

The desired compound was prepared utilizing the same methodology as\ 
described in Step 4 of Example 12. The product described in Step 1 was 
coupled with the product of Example I. 'H-NMR was consistent with the 
proposed structure. 

Step 3 

The ester group from the product in Step 2 was hydrolyzed utilizing the 
same procedure as described in Step 5 of Example 12. 'H-NMR was consistent 
with the proposed structure. 

Analysis calculated for C 2 oH2oN 6 0 6 Br 2 1.75TFA 0.25H 2 O 

C, 35.10; H.2.79; N, 10.45 
Found: C, 34.85; H, 2.59; N, 10.62. 
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5 Exam ple 37 

AgN0 3 




,C0 2 Me 
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Step 1 

2-nitrothiophene-4-carboxaldehyde (5.0g) was suspended ,n water 
dOOm.) a, room temperature and a sotution of sodium hydroxide (5.2g) in water 
(50ml) was added in one portion. The black reaction mixture was stirred at room 
temP erature for 1 hour and then filtered through a pad of oelife. The fiHrate was 
aoidified with 1N HCI solution and then extracted with ethyl aoetate. The 
combined organic extracts were washed with saturated sodium chloride solution, 
dried (Na jS 0.) and concentrated to afford a light yellow solid (S.Og) which was 
used without further purification. 'H-NMR was consistent with the proposed 
structure. 

Step 2 

The product from Step 1 <2.5g) was stirred with potassium carbonate 
,2 og) and methyl iodide (2.2g) in DMF (30ml) at room temperature for 16 hours. 
The reaction mixture was partitioned between ethyl acetate and water and the 
lay ers separated. The aqueous portion was extracted with additional ethyl 
acetate and then the combined organic extracts were washed w,th water, 
saturated sodium chloride solution, dried (Na 2 SO«) and concentrated. The dark 
colored residue was purified on a silica ge, column with 15% ethyl ace.a.e-85% 
hexane to yield a yellow solid (950mg). 'H-NMR was consistent with the 
proposed structure. 

^^The product obtained in Step 2 (2.0g) was dissolved in methanol (SOml) 
and treated with a catalytic amount of 5% Pd/C under a SOpsi atmosphere of 
, hydrogen at 60°C for 32 hours. The reaction was cooled and filtered and the 
filtrate was concentrated. The residue was purified on a silica gel column eluting 
with 25% ethyl acetate-75% hexane to afford a light yellow solid (920mg). 'H- 
NMR was consistent with the proposed structure. 
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10 



15 



20 



A solution of the product from Step 3 (900mg) was dissolved in ethyl 
acetate (20ml) and treated with benzoyl isothiocyanate (947m 9 ) in one port.on a, 
^temperature. The reaction was stirred tor 30 minutes and the predate 
IZd. washed with athy, acetate and air dried to yieid a ,i 9 h. yeliow so„d 
(1.519). 'H-NMR was consistent with the proposed structure. 

^yne product obtained in Step 4 o, Example 35 was dissolved in methanol 
( 70ml) and treated with sodium methoxide (1 .39) portionwise at room 
Imp Lure. The reaction was stirred lor 30 minutes and then quenched w„h 
^acetic acid (1 ,4 9 ). The reaction was concentrated and the rescue was 
partitioned between ethyl acetate and water. The aqueous port.on was 
exited with additions ethyl acetate and the combined or 8 anic extracts we e 

wi, — - «-* — - — — ^xzr^ 

_. mnnmn^ 'H-NMR was consistent witn me 
to yield a light yellow powder (900mg). H nmk wa 

proposed structure. 

^Tne product. rom Step 5 <900m9> was dissolved in methane, (20ml) and 
tre ated with methyl iodide (1 .49). The reaction was refluxed for 2 hours and then 
' lied and concentrated. The residue was treated with ether, filtere d and a,r 
dried to produce a white solid (1 .27g). 'H-NMR was oons.sten. w,«h the 
proposed structure. 



30 
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5 afford .he desired product (255mg). 'N-NMR was consistent with the proposed 
structure. «. 

Step 8 . 
The desired compound was prepared as using the material produced ,n 

10 Step 7 using the conditions described in Step 5, Example 21 . 1 H-NMR was 

consistent with the proposed structure. 



Step 9 , 

The desired compound was prepared utilizing the same methodology as 

described in Step 4 of Example 1 2 by coupling the product from Step 8 with the 

_._ x.^i. nrnno^Pfi structure. 



15 



20 



descriDea in oicp t w. ._^«... r .w y 

material from Example G. 'H-NMR was consistent with the proposed structure. 
Step 10 

The ester group from the product Step 9 was hydrolyzed utilizing the 
same procedure as described in Step 5 of Example 12. 'H-NMR was consistent 
with the proposed structure. 
Analysis calculated for C 2 oH 2 iN 5 0 6 Ci2S. 1 .75TFA. 

C, 38.43; H, 3.19; N, 9.54; S, 4.37 

Found: C, 38.43; H, 3.39; N, 9.73; S.4.27 



25 
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Example 38 



(TV 



HNO, 



N 
Me 



CH 3 I 



AC 2 0 
0 2 N 



0 2 N 

/ ^C0 2 H 

N 

Me 



K 2 C0 3 
DMF 



\ /^^C0 2 CH 3 
N 

Me 



5%Pd/C 
CH3OH 





1) Ph ^ ^NCS 

2) NaOCH 3 



CQ 2 CH 3 
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Acetic anhydride (20ml) was treated with 70% nitric acid (4ml) at room 
temperature. This solution was then added drop wise to a stirred mixture of 
N-methyl pyrrole-2-carboxylic acid (5.0s) in acetic anhydride (30ml) at 
, 0 . 3 o- The reaction was stirred and allowed to warm to room temperature for 30 
minutes. The reaction was then re-chilled to -25" and filtered through 
filter, washed with cold hexane and air dried to afford yellow powder (1 .5g). 
•H-NMR was consistent with the proposed structure. 

15 ^The desired compound was prepared utilizing the procedure described in 
Step 2 Example 37 using the product prepared in Step 1 . The crude product 
was purified by chromatography on a silica ge, column eluting with 40% ethyl 
acetate - hexane. 'H-NMR was consistent with the proposed structure. 



20 



25 



The product from Step 2 (1 0g) was dissolved in methanol (25ml) and 
trea .ed with a catalytic amount of 5% Pd,C under a 5psi atmosphere of hydrogen 
a, room temperature for 3 hours. The reaction was filtered and concentrated to 
afford a deep red liquid (1 .00 which was used without further purificat.on. H- 
NMR was consistent with the proposed structure. 



30 



^The desired compound was prepared using the product described in Step 
3 utilizing the sequence of Steps 4-8 described in Example 37. 'H-NMR was 
consistent with the proposed structure. 
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10 



15 



A solution of the product from Step 4 (425mg), 2-chloro-4,6- 

======== =—-=== 

p epld a d added *o me reaction a, roo m temperature in one portion. The 

action was stirred for 15 hours, quenched with TFA (1 ,5m,) and then 
rl rated under high vacuun. The residue was purified via 
; PL C eiuting with a water ( 0, % T F A>-acetoni,ri,e gradient to afford a wh„e so,,d 
(706mg). 'H-NMR was consistent with the proposed structure. 



20 



^Tne ester group fro. the product in Step 5 was hydro,y Z ed u,iU z ing the 
same procedure described in Step 5 o, Examp.e 12. 'H-NMR was consent 
with the proposed structure. 

Analysis calculated for: C 21 H 24 N 6 0 6 C1 2 1.5TFA0.5H 2 O 

V C 40.75; H, 3.78; N, 11.88; C1. 10.02. 

Found: C , 40.40; H, 3.68; N, 12.10; C1, 10.20. 



25 



f 
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Step 1 . . 

A mixture of 3-bromo-4-methyl thiophene, (10g) copper (1) cyan.de 

( 1 1 so) and HMPA (15m.) was heated at 130-140'for 18 hours. The mixture was 
cooled and poured into a stirred solution of sodium cyanide (1 8.8g) .n water 
(28ml) and stirred for 1 hour. The thick brown mixture was diluted with some 
additional water and extracted with ether. The combined ethereal extracts were 
washed with water, saturated sodium chloride solution, dried (Na 2 S0 4 ) and 
concentrated. The residue was purified on a silica gel column eluting with 90% 
hexane - 10% ethyl acetate to afford a pale yellow liquid (5.2g). 'H-NMR was 
consistent with the proposed structure. 



Step 2 . , 

A mixture of the nitrile prepared in Step 1 (1 -5g) and 2N sodium hydrox.de 

solution (160ml) was refluxed for 1 hour. The reaction was cooled and ac.drf.ed 

with 2N hydrochloric acid until pH ~2 and extracted with ether. The comb.ned 
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ethereal extracts were dried (Na,SO.) and concentrated to afford a white solid 
( 16.4g) which was used without further purification. 'H-NMR was consistent w,th 
the proposed structure. 

The product from Step 2 (16.4g) was esterified as described in Step 2 of 
Example 37 to afford the desired product (13.6g) after purification on a silica gel 
column eluting with 10% ethyl acetate - 90% hexane. 'H-NMR was consistent 
with the proposed structure. 

Step 4 

A mixture of N-bromosuccinimide (6.3g) and dibenzoyl peroxide (100mg) 
in carbon tetrachloride (25ml) was added over a period of 90 minutes to a 
refluxing solution of the product from Step 3 (5.0g) and dibenzoyl perox.de 
(fOOmg) in CCU (25ml). After refluxing for 2 hours the reaction mixture was 
cooled filtered and concentrated and the residue purified on a silica gel column 
eluting with 10% ethyl acetate - 90% hexane to afford the desired compound 
(4.3g). 'H-NMR was consistent with the proposed structure. 

Sm ^A mixture of the product described in Step 4 (4.2g). sodium azide (2.9g) 
and DMF (SOml) was heated at 55° under nitrogen for 5 hours. The reaction 
mixture was cooled and partitioned between water and ethyl acetate. The layers 
were separated and the aqueous portion was extracted with additional ethyl 
acetate The combined organic extracts were washed with saturated sodtum 
chloride solution, dried (Na 2 S0 4 ) and concentrated to afford a golden oil (3.5a) 
which was used without further purification. 'H-NMR was consistent with the 
proposed structure. 
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Step 6 ' , . . 

A solution of the product described in Step 5 <1.0g) 1N sodium hydrox.de 

solution (1 5ml) and methanol (l5mL) was stirred at room temperature for 16 
hours The reaction was treated with glacial acetic acid (2ml) and concentrated. 
The residue was partitioned between water and ethyl acetate. The layers were 
separated and the aqueous portion was extracted with additional ethyl acetate. 
The combined organic extracts were washed with water, saturated sodium 
chloride solution, dried (Na jS 0 4 ) and concentrated. The residue was dried at 
61- for 2 hours under high vacuum to afford a white so,id (860mg). 'H-NMR was 
consistent with the proposed structure. 

Step 7 

A solution of the product described in Step 6 (850mg) in methylene 
chloride (10m,) was chilled in an ice bafh and treated with a 2N solution of oxalyl 
chloride (5ml) in methylene chloride in one portion followed by 2 drops of DMF. 
The reaction was stirred for 2 hours while allowing to warm to room temperature. 
The solution was concentrated and dried under high vacuum at room 
temperature for 16 hours to afford a yellow brown solid (785mg). 'H-NMR was 
consistent with the proposed structure. 



Step 8 

In a flame dried flask under nitrogen was placed a solution of 
diisopropylethylamine (1 .3ml), the product of Example G (1 4g) and DMA 
(10ml) The solution was chilled in an ice bath and a solution of the add 
chloride from Step 7 (770mg) in DMA (5ml) was added dropwise. The reaction 
was stirred for 30 minutes after the addition was completed and then partitioned 
between ethyl acetate and water. The layers were separated and the aqueous 
portion was extracted with additional ethyl acetate. The combined organic 
extracts were purified on a silica gel column eluting with 50% ethyl acetate - 
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50% hexane to afford white solid (1 .0g). 'H-NMR was consistent with the 
proposed structure. 

Step 9 

A solution of the product from Step 8 (806mg) in ethanol (20ml) was 
heated with a catalytic amount of 5% Pt/C under a 5psi atmosphere of hydrogen 
at room temperature for 21 hours. The reaction was filtered and concentrated 
and the residue was purified via reverse phase HPLC eluting with a water 
(.5%TFA) - acetonitrile gradient to afford a white solid (480mg). 'H-NMR was 
consistent with the proposed structure. 

Step 10 

The product described in Step 9 (550mg) was guanylated and purified 
using the conditions described in Step 4 of Example 21 to afford a white solid 
(206mg). 'H-NMR was consistent with the proposed structure. 

Step 1 1 

The ester group from the product in Step 10 was hydrolyzed utilizing the 
same procedure set forth in Step 5 of Example 12. 'H-NMR was consistent with 
the proposed structure. 

Analysis calculated for: C^HzaNsOsClzS.I.STFA, 0.5H 2 O 

C, 39.79; H.3.55; N, 9.67; CI, 9.79; S, 4.43 
Found: C, 39.91; H, 3.58; N, 9.94; CI, 10.06; S, 4.52 




Step 1 

The product prepared in Step 3 of Example 33 (1.0g) was coupled wii 
glycine ethyl ester hydrochloride utilizing the procedure described in Step 5 
Example 38 to afford a yellow solid (1 . 1 g) after a similar purification. 'H-NIV 
was consistent with the proposed structure. 
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Step 2 

The produce described in Step 1 (1.0g) was hydrolyzed using the 
procedure described in Step 5 of Example 21 to afford a white solid (910 mg). 
'H-NMR was consistent with proposed structure. 

10 

Step 3 

The product from Step 2 was coupled with 3-amino-4,4,4-trifluoro-butyric 
acid ethyl ester hydrochloride urilizing the protocol described in Step 5 of 
Example 38. 'H-NMR was consistent with the proposed structure. 

15 

Step 4 

The ester group from the product in Step 3 was hydrolyzed utilizing the 
procedure described in Step 5 of Example 1 2. 'H-NMR was consistent with the 
proposed structure. 
20 Analysis calculated for: C17H20N5O6F3 1 .5TFA 

C, 38.01; H, 3.67; N, 11.08. 
Found C, 37.88; H, 3.64; N, 1102 
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Example 41 




H J X .OH 




Step 1 

The product of Step 3, Example 33 (527mg, 1 .3mmol) and CDMT (244mg, 
^ 4 mmol) was dissolved in DMAC (8ml) under argon. The solution was cooled 
to 0° for 3 hours NMM (0.15ml, 1.3mmol) was added dropwise. The solution was 
stirred at 0° for 3 hours and then the product of Example U and NMM (0.15ml) in 
DMAC (10ml) was added. The reaction was allowed to warm to room 
temperature and stirred at room temperature overnight. The reaction was 
quenched with TFA (2ml) and concentrated in vacuo. The crude yellow solid 
was purified by RP-HPLC using a gradient elution of 90:10 H 2 OATFA:CH 3 CN 
(X=254 nm). The product was isolated as a white solid (725 mg, 75% yield). 
Analysis Calculated for C23H26N6O7CI2 1 5 TFA: 

C, 42.12; H, 3.74; N, 11.35 
Found C, 42.26; H, 3.87; N, 11.45 

H.R.M.S. M+1 calculated for C 23 H 27 N 6 0 7 CI 2 569.1318. Found 569.1323. 



Step 2 

The product from Step 1 (725 mg. 0.98 mmol) was dissolved in 
THF(5ml)/1CH 3 OH) and 1M NaOH (6.5ml) was added. The reaction was stirred 
at room temperature overnight and then 1M HCI (6.5ml) was added. After 
concentrating in vacuo, the crude yellow solid was purified by RP-HPLC using a 
gradient elution of 95:5 H 2 0/TFA:CH 3 CN (X=254 nm). The product was isolated 
as a white solid (589 mg, 79% yield). 
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5 Analysis Calculated for:Anal. calcd for C 21 H 22 N 6 0 7 CI 2 1 9 TFA: 

C, 39.30; H, 3.18; N, 11.09. 
Found C, 39.22; H, 3.16; N, 11.39. 

H R.M.S. M+1 calculated for C 21 H 23 N 6 0 7 CI 2 541.1005. Found 541 .1000. 




Step 1 

2-methoxy-6-chloropyridine carboxylic acid (10 g; 0.053 mol) was 
dissolved in an excess o. concentrated aqueous ammonium hydroxide in . high 
pressure reactor and heated to 17S'C for 24 hours to obtain a pressure of 500 
psi The solution was evaporated to dryness under reduced pressure and 
converted to the acid by treatment with 2N HCI at 25°C for 2 days and then 
evaporated to dryness under high vacuum, while heating to 60°C. After 12 
hours the residual water was a Z eotropioally removed with absolute ethanol and 
the resulting residue was treated with methanol and evaporated red " ced 
pressure three times. The resulting residue was dissolved in methanol (250 ml) 
and 4N HCI in dioxane (25 mol, was added to this solution and then refluxed for 
2 5 days The solvent was removed by evaporating under reduced pressure and 
the resulting crude residue was purified by reverse phase HPLC (gradient, 95/5 
0 1% TFA in H.O/CH3CN-60/40 0.1% TFA in H 2 0/CH 3 CN). The desired product 
was dissolved in methanol and treated with solid sodium bicarbonate, Mtered, 
and the solvent evaporated. The resulting solid was suspended in 50/50 
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5 ethy.acetate/hexane and the solid was collected by filtration to obtain of the 
desired brown solid (1 7g, 20% yield). 



10 



15 



20 



The compound (300mg; 1.8 mmo,) from Step 1 was dissolved in DMF 
(7 , ml ) and me product of Step 1 , Example 9 ,927 mg; 2.1 mmo.) was ; ac.de 
ol.owed by .rie.hylamine (0.44m,, 325 mg; 3.2 mmo.) and merounc chlonde (326 
mo- 1 2 mmo.). The reaction mixture was stirred at 25°C for 3.5 hours then 
2Z» Jo for 16 hours. Eth, acetate ,7 m„ was added to the reason after 
cooling to room temperature and the heterogeneous solution was f,..ered 
T gh ceme. The celUe was washed thoroughly with 97,3 e,hy,ace,a,e,e*ano . 
The solvents were removed under reduced pressure and the resu,.,ng crude red 
oi , was dissolved in methylene chloride (30 ml) and treated with ™— ' 
a id (2 77 ml) and refluxed for 1 hour. The reaction was cooled and he solvent 
r a s amoved under reduced pressure to give a brown oil. The samp.e was 
^ Jed by reverse phase HPLC (C18. gradient 90,10 0.1% TFA,H,0 to gtve .n 
lure compound which was dissolved in methanol (2 ml) and treated w h 1N 
NaOH (0. 1 5 ml, and stripped to dryness to give a darK brown o„. This o,, was 
puld by reverse phase HPLC (C1 8, gradient 99,1 0.1 % TFA,H,0,CH,CN) to 
give a tan solid (36 mg). 

^The compound (74mg; 0.1 8 mmol) from .he previous s.ep was dried in .he 
vacuum oven overnight and dissolved in DMF (1 ml) (stored over molecular 
sieves) and cooled .0 0°C. Then N-me.hy.piperidine (27ml; 22mg; 0.22 mmol) 
. was added followed by isobu.ylch,oroforma.e (47m,; 49 mg; 0.36 mmo,) and 
stirr ed for 5 minu.es. A so,u.ion ,0.2 mL) of .he produc. o, Exampia 6 -DMF 
was added and .he residua, B-aminoes,er was washed wi.h additional DMF 
(0 2ml) Nex. N-me.hylpiperidine ,22ml; 18 mg; 0.18 mmol) was added. 
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, reaction mixture was aiiowed to slowly warm to room temperature. After st.rnng 
at 25°C for 12 hours the solvent was removed under high vacuum to 
give a red-brown oil which was purified by reverse phase HPLC (C18, gradient 
80/20 0 1% TFA/H 2 0/CH3CN> to give the coupled product (22 mg) and the 
coupled product with an isobutylformyl group incorporated on the pyndone 
„ oxygen atom (47 mg). These products were combined and dissolved ,n 

me thano, (2ml) to which 1N aoueous sodium hydroxide (240ml) was added. The 
reaction was stirred at 25°C overnight and trifluoroacetic acid (84.7ml) was 
added The solvent was removed under reduced pressure and purmed by 
reverse phase HPLC (C18. gradient 95/5 0. 1 %TF A/H2O/CH3CN) .0 give the 

15 desired product (37mg). 

Microanalytical calcd.for C 21 H 22 N 6 0 7 CI 2 . 2.1TFA. 0.2 H 2 0 C: 

38.58; H: 3.15; N: 10.71. 
Found 38.12; H: 3.36; N: 10.71 
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Example 43 



OH 




The above compound was prepared following the procedure 
described in Step 3, Example 42 by reacting the product of Step 2, 
Example 42 with the product of Example R. 
Microanalytical calculated for: CziHzzNeOrCIBr.l .8TFA: 

C: 37.35; H: 3.03; N: 10.62. 
Found C: 37.31 ; H: 3.23; N: 1 0.65 
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Fxamole 44 



NO. 




,OEt 



step 1 



o 

Xj " H8 



NH 2 ' 



CI 




,OEt 



step 2 



HO 




NH 2 ' 



CI^^CI 



.OH 



Step 1 

The product of Step 3, Example 17 (3.0g; 5.77 mmol) was 
dissolved in isopropanol (25 ml) and to this solution was added 
concentrated ammonium hydroxide (45 ml). After stirring at 25°C for 3 
hours the solution was evaporated to dryness under reduced pressure. 
The crude sample was hydrogenated in a Parr shaker in ethanol (3A) (50 
ml) over 5% platinum on carbon at 5 P si at 25°C for 2.5 hours. The sample 
was filtered and the filtrates were concentrated to dryness under reduced 
pressure. The compound was purified by reverse phase chromatography 
(C18, 80/20 CH 3 CN/H 2 0 gradient) to yield the desired product (1.5g, 39% 
yield). 



Step 2 

The product of step 1 (200 mg) was dissolved in methanol (2 ml) 
and sodium bicarbonate (133 mg) was added. The solution was stirred for 
30 minutes at 25°C, filtered and the resulting solution evaporated to 
dryness The resulting sample (205 mg; 0.43 mmol) was dissolved in DMF 
(1 72 ml) and then the product of Step 1 , Example 9 (282.8 mg; 0.65) was 
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15 



add ed, Mowed by .riethylamine (99 mg; 0.97 mmol, 0 .14 ml, .hen 
merC uric chloride (177mg; 0-65 mmol). The solution was heated to 60 C 
mercuric chio t The reaction mixture was cooled 

for 30 minutes then to 90 C for 12 hours, in 

th en diluted with elhy, acetate (1 .7 ml) and filtered through c^ The 
re su„ing filtrate was evaporated to dryness. The crude sample was 
pled hy flash chromatography to remove unreacted starting mafenal. 
This material was treated wifh 50/50 TFA,CH 2 CI, to give the impure 
I ^d pi duct. This material was dissolved in methanol (2 ml) and N 
s d urn ydroxide (2 ml). After stirring at 25°C for 12 hours. ,he solulion 
J a neutLed with TFA (77 ml), then evaporated to dryness un<* 
redu ced pressure. The crude product was purified Py reverse phase 
chromatography (C18, 95,5 H 2 0)CH 3 CN) to give ,he desired product (6.8 

Microanalytical calcd.for C 2 ,H„N 7 O s CI 2 .3.3TFA: 

C: 36.17; H.2.89; N. 10.70. 
Found C: 36.57; H: 3.21; N: 10.37. 
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Step 1 : 

To a mixture of 3-methyW-thiophenecarboxylic acid (1 ;0 g, 7.0 
mmol) N.N-dimethylformamide (4.0 ml), and potassium carbonate (1.93 g, 
14 mmo.) was added iodomethane (1 .49 g, 10.5 mmol). The reaction was 
stirred at room temperature for 80 hours, and diluted with ethyl acetate 
(150 ml) and washed with H 2 0 (100 ml), and brine (100ml). The organ.c 
layer was dried (Mg 2 SO, ) and concentrated to a clean product as a pale 
brown oil (0.87g,81% yield). 1 H NMR was consistent with the proposed 



structure 
15 Step 2 



"jo a solution of the product of Step 1 (5.0 g, 32.0 mmol), dibenzoyi 
peroxide (0.08 g), and carbon tetrachloride (20 ml), was added a mixture of 
N-bromosuccinimide (6.3 g, 35.3 mmol), dibenzoyi peroxide (0.08 g), and 
carbon tetrachloride (20 ml) at reflux over 30 minutes. The result.ng 
, 0 reaction mixture was heated at reflux for 1 8 hours. The solid was filtered 
and washed with carbon tetrachloride (2x1 0 ml). The filtrate was 
concentrated to give a mixture of oil and solid (8.1 g, 80% yield). H NMR 
was consistent with the proposed structure 

25 Step 3: 

A mixture of the product of Step 2 (8.1g, 34.7 mmol), sod.um az.de 
(5 6 g 87 mmol), and N,N-dimethy«formamide (25 ml) was heated at 58 "C 
for 2 5 hours. The reaction was diluted with ethyl acetate (800 ml), and 
washed with H 2 Q (500 ml). The aqueous layer was extracted with ethyl 
30 acetate (100 ml). The combined organic layer was dried (MgS0 4 ) and 
concentrated to give a pale brown oil (6.0 g. 85% yield). 1 H NMR was 
consistent with the proposed structure 
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Step 4: 

A solution of the product of Step 3 (6.0 g, 25.9 mmol), NaOH (1N, 
50ml), and MeOH (50 ml) was stirred overnight. The reaction was treated 
with acetic acid (2.5 ml). The product was extracted with ethyl acetate 
(300 ml). The organic layer was dried with Na 2 S0 4 , and concentrated to 
give a yellow oil. A yellow solid (2.0 g, 42% yield) was obtained under 
vacuum. 1 H NMR was consistent with the proposed structure. 

Step 5: 

A mixture of the product of Step 4 (0.5 g, 2.7 mmol), oxalyl chloride 
(2 M in dichloromethane, 2.7 ml, 5.4mmol), and dichloromethane (20 ml) 
was stirred at room temperature for 2.5 hours. The solvent was removed 
from the reaction to give the product as brown oil (0.51 g, 85%yield). 1 H 
NMR was consistent with the proposed structure 

Step 6: 

A solution of the product of Example G (0.91 g, 2.43 mmol), 
diisopropylethylamine (0.63 g, 4.86 mmol), and N,N-dimethylacetamide (20 
ml) was added to a mixture of the product of Step 5 (0.46 g, 2.43 mmol) 
and THF (10 ml) at 0°C. The reaction mixture was stirred at 0°C for 10 
minutes and allowed to warm to room temperature. After 1 6 hours, the 
solvents were removed from the reaction under vacuum. The product was 
extracted with ethyl acetate (300 ml). The organic solution was washed 
with saturated NaHC0 3 solution (100 ml), H 2 0 (100 ml), dried with 
Na 2 S,0 4 , and concentrated to give the crude product. The crude product 
was purified by column chromatography (on silica gel, 
CH 2 Cl2/MeOH/NH 4 OH, 98/2/0.2) to give clean product as a gummy solid 
(0.7g, 58% yield). 1 H NMR was consistent with the proposed structure. 
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Step 7: 

At room temperature, a mixture of the product of Step 6 (0.78 g, 
1 56 mmol), 5% Pt/C, and BOH was stirred under 5 psi for 20 hours. The 
catalyst was filtered. The filtrate was treated with trifloroacetic acid (0.6 ml) 
and concentrated to give the crude product. The crude product was 
purified by HPLC to give a white solid (0.4 g, 54% yield). 1 H NMR was 
consistent with the proposed structure. 



Step 8: . 

Mercury (II) chloride (0.51 g, 1.87 mmol) was added to a mixture of 

the product of Step 7 (0.55 g, 1 .25 mmol), product of Step 1 , Example 9 
(0 81 g 1.87 mmol), triethylamine (0.38 g, 3,75 mmol), and N,N- 
dimethylforamide (15 ml) at room temperature. The reaction was heated at 
95-1 00 X for 1 6 hours. The cooled reaction was filtered through a bed of 
celite (2"), and washed with ethyl acetate. The solvent was removed from 
the filtrate under vacuum to give a oil. This oil was diluted with 
CH 2 CI 2 /trifloroacetic acid (10 ml/10 ml) and stirred at room temperature for 
1 hour The solid formed was collected by filtration. The filtrate was 
concentrated and treated with CH 2 CI 2 /trif loroacetic acid (1 5 ml/1 5 ml) for 
1 5 hours. The solvent was removed under reduced pressure to give a 
brown oil. This oil was purified by HPLC to give a mixture of the desired 
product and its ethyl ester. The desired compound was recrystallized from 
acetonitrile as a white solid (0.068 g). The ester product was treated w.th 
NaOH/Ethanol (7.0 ml/7.0 ml) for 18 hours, and purified by HPLC to give 
additional (0.055 g) compound. 
Calculated for C 21 H 23 N 5 0 6 CI 2 S .2.0 CF 3 COOH: 

C, 38.87; H, 3.26; N, 9.07; 
Found: C, 38.78; H, 3.6; N, 9.16. 
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Benzoylisothiocyanate (3.34 g, 21 .3 mmol) was added to a solution 
of the product of Step 1, Example 33 (3.5 g, 20.8 mmol) and N.N- 
dimethylformamide (45 ml, a, room temperature. The reaction was strrred 
for 2 hours, and poured into ether (300 ml). The resulting mixture was 
stirr ed for 15 minutes. The product was collected by filfraUon. washed w„h 
ether (2x40 ml), and air-dried as a yellow solid (6.95 g, 100% yield). H 
NMR was consistent with the proposed structure. 

5 ^Sodium methoxide (2.64 g. 48.9 mmo,) was added to a suspension 
of the product o, step 1 (6.90 g, 20.8 mmol) and methanol (200 ml) in small 
portions a, room temperature. Upon completion of the addition, the 
Lotion was stirred for 1 hour. Acelic acid (2.8 ml, 48.9 mmol) was added 
to the reaction. The resulting mixture was stirred for 1 5 minutes. The 

)0 product was collected by filtration, washed wifh methanol (2x30 ml) and 
dried under reduced pressure, o yield an off white solid (3.8g, 81%y.e.d). 
'H NMR was consistent with the proposed structure. 



25 



30 



A mixture of the product of Step 2 (1 .90 g, 8.4 mmol). methyl iod.de 
,3 56 25 1 mmol) and methanol (60 ml) was heated at reflux for 3.5 hours, 
end cooled to room temperature. The solvent was removed from the 
reaction solution under reduced pressure to give a yellow oil. The o, 
residue was treated with ether to give a dean produd as a yeilow solid 
(3 .1 g, 100% yield). 'H NMR was consistent with the proposed structure. 

Step 4 

A solution of the product of Step 3 (0.5 g. 1 .36 mmol), 2- 
methoxyelhylamine (0.12 ml, 1.36 mmol) and N,N-dime,hylace.amide (5.0 
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10 



ml) was heated at 85 °C for 2.5 hours. An additional 2- 
mLxyethy-amine (0,2 m,. ,36 mmol) was added. The reac on was 
treated at 85 -C .or 2 hours. N.N-dimethylacetamide was removed I from 
cooled reaction under reduced pressure to give a crude product The 
crude product was purified by reverse phase HPLC to yield the desire 
clean product (0.380. 76% yield). 'H NMR spectra was consistent for the 
proposed structure 



Step 5 



A solution of the product of Step 1 (0.38 g. 1 42 mmol), NaOH 
5 solution (1N, 15 m„, and MeOH (15ml) was stirred a, room temperature for 
6 hours and then treated with trifluoroacetic acid (1 .2 m„. The solvent 
L removed from the reaction solution under reduced pressure o g,ve a 
crude product. The crude product was purified by HPLC to y,e.d the 
desired product as a whi.e solid (0.55 g, 100% yield,. 'H NMR was 
20 consistent with the proposed structure 

N .me,hy,morpho,ine (0, m,. 1 .42 mmol) was added to a solution o, 
tne product of Step 5 <0.54g 1.42 mmol) in N,N-dimethy,ace.am,de (16 ml). 

M At -5-C isobutyl chloroformate (0.18 g, 1 .35 mmol) was added to the 
taction over 5 minutes, and stirred for 1 5 minutes. A solution of the 
product of Example G (0.396 g, 1.07 mmol, and N-me,hyl morpholine 
,0 075 m, 1.07 mmol) and N,N-dimethylace.amide (10 ml) was added to 
L re ac,ion. The resuiling reaction solution was allowed to warm to room 

,o temperature and stirred for 16 hours. The solven, was removed from the 

reaction solution under reduced pressure to give a crude product. The 
reaction ^ a% % wh , le 

crude product was purified by HPLC to yieia in 

solid (0.145 g, 14% yield). 'H NMR was consistent with the proposed 



structure 
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A solution of the product of Step 6 (0.145 g, 0.20 mmol), NaOH (1N, 
25ml) and MeOH (25 ml) was stirred for 16 hours. The solvent was 
removed from the reaction mixture under reduced pressure to give a crude 
product The crude product was treated with trifloroacetic acid (2 ml) and 
purified by HPLC to give the desired product as a off white solid (0.1 1g. 
(70% yield). 

Calculated for C 2 iH 2 4N 6 0 7 CI 2 . 2CF 3 COOH: 

C.38.93; H, 3.40; N, 10.89; 
Found: C, 39.29; H, 3.47: N, 11.15. 



15 
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Fvam ple 47 



HO N 



N ° 



HO N 



/ — N 





HO N 




OH 



10 



mMu re of ,he product o, Step 3, Example 46 (1.56 «. 4.22 mmo,), 



2,2-dimethyl 



-1,3-propanediamine (0.45 g, 4.40 mmol), and N,N- 
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dimet hy,ace,amide ,15 m,) was heated a. 92'C - 95>C for 6. hours and 
th en allo-d «o coo, to room —ore. A solid was formed overmght. 
The product was coUected by filtration, and washed with ' 
] mlylaoetamide (5m,), and ether (5 m„ to give a dean product as a 
Z solid ,0.50 , 43 % yie,d). 1 H NMR was consistent with the proposed 



structure. 



^A soMion o, the product o, Step 1 ,0.48 ,. 1 .7 mmo„, NaOH 1 H 
10 m,) and MeOH (10 ml) was stirred at room temperature overn, g ht. The 
, lv , was removed from the reaction mixture under reduced pressure* 
Z a -de product. The crude product was treated with triflouroacel.c 
Z ,2 m„ and purified by HPLC to g ive a white sotid as the des.red 
product (0.38 g, 58% yield). 

20 *"* A so,ution o, 4-methy, morpho.ine ,0,4 9 . 1 .41 mmo„ in N N 
dim e,hy,ace,ami d e ,1 .5 m,) was added to a so.ution 
2 ,0 36 g 0.94 mmol), 2-ch,oro-4,6-dimethoxytna Z ,ne (0.18 g, 1 .03 mmol) 
and N N^me.hyiacetamide ,10 ml) a, 0»C. The resuming bright orange 
2i uTon was aiiowed to warm to room temperature, and stirred for hours. 
I otution of the product of Example G (0,50 g, 0,4 -,, — 
mo rpho,ine ,0,3 g, 0,4 mmo,), and N,N-dime.hylace,am,de (4 m, was 
add ed to the reaction sotution. The resu.ting solution was = -d a, room 
.emperature overnight, and treated with ,r,f,oroace,ic ao,d (1 .0 m,). The 
30 oTen, was removed from the reaction soiution under reduoed pressure to 
Z 3 -de product. The crude product was purmed by HPLC to g,ve a 
ye „ow solid as the desired product (0.35 g. 54% yield). 
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solution o, me produc, of Step 3 ,0.33 g, 0.47 .mo,). NaOH (IN, 
9m0 and MeOH (9 ml) was stirred 18 hours. Th« reaction was treated 
with ; rifl oroacetioadd ,1.0 ml). The solvent was removed from the 
"action solution under reduced pressure to give a crude product The 
72 product was purified Py HPLC to g ive the desired compound as a 
pale yellow solid (0.285 g, 84%yield). 
Calculated for C„H M N e 0 6 CI 2 .1 25CF 3 COOH.1 0H 2 O: 

C.42.90; H, 4.13; N. 11.77; 
Found; C, 43.03; H, 4.03; N, 11.26. 
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Example 48 




The above compound was synthesized using the methodology 
described in Example 47. In Step 1 ethylenediamine was used instead 
2,2-dimethyl-1 ,3-diaminopropanediamine. In Step 3 the product of 
Example U was used instead of the product of Example G. 
Calculated for C 2 oH 20 N 6 0 6 CI 2 .1 25CF 3 COOH.0.5H 2 O. 

C, 40.77; H, 3.38; N, 12.68; 

Found: C, 40.98; H, 3.17; N, 12.57. 
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Example X 

Preparation of 5-Bromo-3-iodosalicylaldehyde 



CHO 




The above compound was prepared by iodination of 5- 
bromosalicylaldehyde as described in literature (J. Org. Chem. 1990, 
55, 5287-5291). 
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Fvam ples Y & Z 
SCHEME A1 



Scheme A 1 
O 

H 2 N x^ 5555 *^^ Benzoylisothiocynate 

L J 0H 

N 



Acetonitrile, Reflux 
16 h 




H H 




'N 



OH 



1. NaOMe, MeOH 

RT, 2.5 h N H 

2. Mel, CH3COOH HN ^N. 

" *~ ^-S 



NH 2 





NH 2 



OH 



DMF, 90 °C 
3 -4h 



R 2 

Z - R1 = Rz = CH 3 
Y - R n = H, R 2 = OH 



Step 1 

Preparation of 



C 6 H 5 NH NH 

YT1 



o 1 



A mixture of 5-aminonicotinc acid (10.0g, 0.072mole), 
benzoylisothiocyanate (1 1 .8 g, 0.072 mole), and DMAP (catalytic amount) 
in anhydrous acetonitrile (250 mL) was heated to reflux overnight under 
anhydrous conditions with vigorous stirring (Scheme A1). The result.ng 
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5 yellow suspension was cooled and filtered. The residue was washed w.th 
water, followed by acetonitrile, and dried in vacuo overnight to y.eld the 
desired product as a pale yellow solid (21 .4 g, 98% yield). 

MS and 1 H-NMR were consistent with the desired structure. 



10 Step 2 

Preparation of 



15 



20 



25 



30 



N 

To the suspension of the product from Step 1(11 .1 g. 0.037 mole) 
in anhydrous MeOH (230 mL), was added NaOMe (25 wt % solution in 
methanol, 21.1 mL, 0.092 mole), at which point the reactantwent ,nto 
solution to give an orange-brown solution (Scheme A1). This solution was 
stirred at room temperature for 3 hours, cooled in an ice bath, and 
methyliodide (3.45 mL, 0.055 mole added). The resulting mixture was 
stirred at 1 0 °C for 30 minutes and 1 .5 hours at room temperature. The 
reaction mixture was then quenched with acetic acid (2 mL), cooled in an 
ice bath, and filtered. The solids were washed with cold MeOH and dried 
in vacuo to afford the desired product as a beige solid (2.66 g, 37% yield). 
MS and 1 H-NMR were consistent with the desired structure. 

Step 3 

Preparation of Examples Y & Z. 

To a solution of 1,3-diamino-2-hydroxypropane (11.2 g, 0.124 mole) in 
anhydrous DMF (80 mL), was added the product from Step 2 (8.7 g, 0.041 
mole) This mixture was heated at 85 X under anhydrous conditions for 3 
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hours (Scheme A1). After 1-2 hours of heating, .he solution became 
turbid and turbidity increased during the course of heating. The reaction 
mixture was then cooled in an ice bath and filtered. The solids were 
washed with acetonitrile. water, acetonitrile. and dried in vacuo to yieid the 
desired product (Example Y) as a beige solid (3.7 g, 38% yield ). 
MS and 'H-NMR were consistent with the desired structure. 
Example Z was synthesized using the methodology described for 
Example Y substituting 4 equivalents of 2,2-dimethyM ,3-propanediam.ne 
for 1 3-diamino,2-hydroxypropane. 

' Each of the products from Step 3 were convened to their respective 
TFA or HCI salts by stirring 1 hour at 10°C in a solution of anhydrous THF 
(10 mL for 1.0 g substrate) and TFA (1 eqivalent) or 4N HCIfdioxane (2 
eqivalents). 
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Fvample 49 



Preparation 



ion of 



Q. v ,OH 




Scheme A2 



CIH.H 2 N £ 



O^oEt 




SCHEMEA2 




1 isobutylchloroformate, 
NMM,DMF,-15°C-RT3h 

2. 1M Li OH, RT, 1 h, HC1 



OH 



OH 



c. X = Y = CI 
R 1 =R 2 =CH 3 

d. .X = Cl,Y = Br 

R,= R 2 = CH 3 



15 



20 



• , c Y(040q 0.00125 mole, Scheme A2) in 

To . ^pension Exa^ Y (<X40 9 (0 , 7 

. , 9 n -C an additional amount of N-methylmorpholine 
1 ^. 3 (0.6 ft 0.00.5 .ote, Tne r es U ,tin g ...a was stirred 
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15 



at . 2 o -c for 15 mlnu.es. and .hen stirred a, room temperature for 2 hour, 
DMF was distitieO * vacuo and the residue was purified by reverse p a - 
HPLC to yietd (after iyophiliza.ion) the desired ester as a white so.rd (0.20 
a 21% yield). 

MS and 'H-NMR were consistent with the desired structure. 
This ester (0.2 „ was stirred with 1M LiOH (2 mL) for 1 hour a, room 
temp era,ure. The pH was adius.ed ,o 2 with trifiuoroace c a C , d and the 
product was purified by reverse phase HPLC to provide (after 
ly ophilization) the desired acid as a white solid (0.1 1 9). 

MS and 'H-NMR were consistent with the desired structure. 

FX AMPLE 50 



20 



25 



Preparation of 



Rz 2.TFA c| > 




2.TFA 

R t = R 2 = Me 

The above compound was prepared (Scheme A2) using the procedure 
Lrioed in Exampie 49 substituting an eguivaten, amount of Exampte R 

for the Example G. _ 
MS and 'H-NMR were consistent with the desired structure(s). 

The ester (0 19 g. 0.00023 mole) was stirred with 1M LiOH (2 mL) for 1 

r ; m Jperature. The pH was adius.ed to 2 with «— 
a id and the product was purified by reverse phase HPLC to prov.de (after 
lyo phi.i Z a,ion, the desired acid as a white sotid (0.13 g. 72 % yreld). 
MS and 1 H-NMR were consistent with the desired structure. 
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EXAMPLE 51 



Preparation of 

'\ B tV L ° H 

O^I NH N 





SCHEME B 

10 



Scheme B 



Z-ONSu, NMM ^NH-Z 



DMSO/EDC NH-Z 



XNH 2 RT, 16 h ^k^NH-Z 
HO"^^ N Pyridinium- 
>NH 2 CH 2 C1 2 "" trifluoroacetate 



NH-Z 

/OH | 
HO ^ P-J m H . z 



.NH 2 

H 2 Pd/C(5%) f 



^NH-Z /° T^ NH2 

/ 1^ EtOH, EtOAc 

16h. 50psi 



16 h, 50psi 
pTSA 

Dichloroethane, DMSO 
80 °C, 24 h 

H . I ,. 9 



NH P~{J»* V 



DMF, Et 3 N 
90 °C, 3 h 
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5 Step 1 

Preparation of bis-N-benzyloxycarbonyl-2-hydoxy- 
diaminopropane. 



HO 




NH-Z 
NH-Z 



To a suspension of 2-hydroxy-1 ,3 diaminopropane (5.8 g, 0.064 
mo.) in dichloromethane (150 mL) containing N-methylmorpholine (14 mL) 
at10 -C was added benzyloxycarbony.succinimide (32 g, 0.129 mol) .n 
portions (Scheme B). The reaction mixture was stirred at room 
15 temperature for 16 hours, and resulting clear solution was diluted w.th 
dichloromethane (100 mL), washed successively with 10% citric acd (2 x 
50 mL) water and dried (Na 2 S0 4 ). Following filtration, the solvent was 
removed under reduced pressure, and resulting white solid was 
crystallized from dichloromethane to afford desired compound (20.0 g, 

20 87%). 

1 H-NMR and MS were consistent with the structure. 



25 



Step 2 _ nna 

of bis-N-benzyloxycarbonyl- 1 ,3-diam.nopropane-2-one 



Preparation 



NH-Z 



NH-Z 



To a suspension of product from Step 1 (21 .0 9. 0.058 mol) and EDC 
(33 0 g) in dichloromethane (120 mL) contains DMSO (24.0 mL), was 
,„ added dropwise a solution of pyridiniumtrifluoroacetate (33.0 g) ,n 

dichloromethane (50 mL) over a period of 30 minutes and stirred at 10 C 
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After the addition, a clear ye.low solution was obtained. Upon stirring at 
room temperature for 3 hours, a white solid separated from the react.on 
mix ture It was ooo.ed, filtered, and the solid was washed with cold 
dichloromethane and water. The white solid obtained was dried ,n . 
desiccator in vacuo to afford the desired product (15.5 g, 74% y.e.d). H- 
NMR and MS were consistent with the structure. 



15 



20 



Step 3 

Preparation of 



25 




A mixture of product from Step 2 (2.6 g, 0.007 mol), p-.oluenesulfonic ao,d 
,0 3 g 0 0016 mol), and DMSO (1 .0 mL) in diohloroethane (25 mL) 
containing ethylenegiyoo, (2.0 mL) was heated to reflux under anhydrous 
conditions (Scheme B). After 24 hours, the reaction mixture was coo ed 
diluted with dichloromethane (25 mL) and washed successively with 10 A 
sodium bicarbonate, water and dried (N*SO* After removal of the 
solvent under reduced pressure, the residue was crystallized from 
Cichloromethane/hexane to give the desired compound (2.5 g, 89% y,e,d). 
'H-NMR and MS were consistent with the structure. 

Step 4 

The product from Step 3 (3.0 g. 0.0075 mol) was dissolved ,n a 
solvent mixture of ethanol (50 .0 mL) and ethyl acetate (50.0 mL), and 
nydrogenated a, 50 psi in the presence of Pd/C (5%, 1 .5 g) for 1 6 hours a, 
ro cm temperature (Scheme B). The oatatys. was remov d by filtration was 
washed with 40% water in ethanol (50 mL) andfittered. The comb.ned 
filtrate and aqueous washings were concentrated to dryness under 
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r educed pressure to afford a syrup. This material was dissolved in DMF 
(10 0 mL), me product from Step 2 of Example! (1 .0 o. 0.0047 mol), was 
added with triefhylamine (0.7 mL), and DMAP (0.05 g). The resulting 
mix ,ure was heated a. 90 -C under anhydrous oonditions. After 3 hours, 
DMF was distilled in vacuo, the residue was triturated with water, and 
fmered H was washed with water, ace.onitrile, and dried in a desiccator ,n 
vacu0 to obtain Example 5(0.4 g, 30%) as a powder. This material was 
used without further purification in step B. 'H-NMR and MS were 
consistent with the structure. 
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Fxam ple 52 



Preparation of 



COOH 




2.TFA 



10 



SCHEME C 



Scheme C 



NH N 



CIH.H 2 N 




1 Isobutylchloroformate, 
NMM, DMF,-15°C-RT3h 
2. 1M LiOH, HC1 



2.TFA 



COOH 




15 



20 



25 



The compound of Example 51 (0.38 g. 0.0014 mo,) was suspended 
jn dry THF (5.0 mL) and trifluoroace.ic aoid (0.1 mU was added and sirred 

•C under anhydrous conditions (Scheme C). A«er 30 m.nules^ he 
THF was distilled under reduced pressure and the residue was dned „ 
Lo for 3 hours. The resulting materia, was dissolved in dry DM (40 
Lncooled to -15 -C. and isobu.y,ch,oro f orma»e (0.18 mL) was added, 
To wld y the addition of N -me,hylmorpho,ine (0,7 mL). The solution 
was stirred for 30 minutes under an argon atmosphere. To the mixture 
wa s added a solution of amine generated by the addition of N- 
iZmorphonne (0,7 mL, to a solufion o, Exampte . * (0.5 g„r r DMF 
( 3.0mL)at0°C. The resulting mixture was stirred at -15 C for 30 
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minut es, and then a, roc. .ensure .or 16 hours. The solvents were 
In remove, by —on In vacuo, and me residue was pur ,ed by 
rev erse-phase HPLC using 10-90% acetoni.rile/wa.er gradten, (40 

minutes} at a flow rate of 70 mL/min. 

The appropriale fractions were combined and freeze dried ,o afford 
lh Haired ester (0 A 9) as a fluffy white powder. This material was st.rred 

L readion mixture was cooled, diluted with water, ac,d„,ed w,,h 
^ Loacelio acid . and ,he desired acid (0,5 „ was isolated hy reverse- 
ph ase HPLC using 10-90% acetonifrile/waler as descnbed above. H 
NMR and MS were consistent with the structure. 
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FXAMPLE 53 



Preparation of 




H 

NH N 




OH 



SCHEME D 

Scheme D 

.NH-Z D AST, Pyridine 
, ► 

F 



c 



NH " Z CH 2 C1 2 

-50 C-RT 16 h 



jC 



NH-Z 
NH-Z 



H 2 Pd/C (10%) 



EtOH, EtOAc F 
16 h, 50 psi 




NH 2 
NH 2 



Z = Carbobenzoxy 



NH 




DMF, Et 3 N 
90 C, 3 h 



N- rV R ~TfV^ OH 

" " B JU« N 



15 
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Step 1 

of bis-N-benzyloxycarbonyl-2-fluoro-1 ,3-diaminopropane. 



Preparation 

,NH-Z 
.NH-Z 



NH 



To a stirred suspension of bis-N-benzytoxycarbonyl-2-hydoxy--i,3. 
(6.0 g, 0.017 mol) in dichloromethane (50 mL) and 



diaminopropane 
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ovridine (2 7 mL) at -50 »C, was added dropwise a solution of DAST (2.5 
pyridine U ' I D) The reaction mixture was 

mL ) in dichloromethane (7.5 mL, Scheme u). in 

oradua.ly ailowed to warm to room temperature over a period of 
6 our under an atmosphere o, argon. A dear yettow solution was 
lined. The solution was cooled and poured into a mixture o, ice.wate 
t lu and dichloromethane (50 mL). The organic phase was washe 
'lie er ,2 x 50 mL,, and dried (Na,SC>. A«er remove, of the so^nt. 
,he residue was purified by siiica gel flash chromatography using 30 A 
BOAc in hexane. The appropriate fractions were combined, concentrated 
Xness and the product was crystallized from dichloromethanemexane 
L afford the desired fluoro intermediate as a white fluffy powder (2.0 g). 
-H-NMR and MS were consistent with the structure. 
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^ A solution o, bis-N-ben Z y,oxycarbony,-2-f,uoro-1 ,3 diam, op-pane 
(3 3 g 0 0092 mo,) obtained from Step 1, in EtOAc ( 30 mL). and BOH (30 
1 was hydrogenated a, 50 psi in the presence of Pd,C (10%. 27 „ for 
t hours at room temperature (Scheme D). Following .titration, .he 
la yTwas s.irred wi.h EtOH containing 40 % wafer (50 mL) and f mere 
al in The f„.ra.e was concen.ra.ed ,o dryness ,o afford a syrup (0.7 g . 
The syrup was suspended in DMF (8.0 mL). The product from Step 2 o 
Example (0.7 g, 0.0033 mo,), CalyUc amoun, o, DMAP ( 0.01 g), were 
1 2 and hee ed a. 90 -C for 3 hours under anhydrous conditions. DMF 
las disced ,„ vacuo, fhe residue was suspended in water (25 mL) and .he 
I! ad iu ,ed .o 4.5 by .he addition of 1 N HCt The 
1 cooled. The solid .ha, separa.ed was filtered and washed .horoughiy 
with water acetonitrile and dried in a desiccator in vacuo to provide the 
with water, a 1 h-NMR and MS were 

desired compound as brown powder (0.24 g). » 

consistent with the structure. 
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FYAMPLE 54 



Preparation of 



2.TFA 



COOH 




SCHEME E 



15 



20 



25 



Scheme E 



OEt 



C1H.H 2 N 



,NH N 




1 Isobutylchloroformate, F 
NMM,DMF,-15°C-RT3h 

2. 1M LiOH, HC1 



COOH 




The compound o, Examp.e 53 (0.22 0 , as obtained ^^ "^ 
in dry THF (4.0 mL). Trifiuoroacetic acid (0.1 mL), was added and the 
solution was stirred a. 10" C for 30 minutes, and concentrated under 
Lead pressure. The residue was dried in a desiccator In vacuo. The 
material obtained was suspended in dry DMF (5 mL). 
roUicnloroformate (0,2 mL, was added, foliowed by the add,t,on o, N- 

"on atmosphere (Schema E). After 30 minutes, a soiution o, am.ne 
Jlad by the addition of N-methylmorpholine (0.0S5 mL> fo a « 
of the product of Example R (0.37 g) in DMF (3.0 mL) was added^ The 
.suiting mixture was stirred a, for 30 minufes, and ,sU room 
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. QCO M p. r usina 10 - 90% acetonitrile/water. The 
Durified by reverse-phase HPLU using i u z, 

appropriate fractions were combined and freeze dried to afford the des,red 
ester product as a paie yeiiow powder <0.35 g). 'H-NMR and MS were 
consistent with the structure. 

The resuiling product (0.3 g, Scheme E) was st.rred w,.h 1M L,OH 
(3 0 mL) at room temperature. After 1 hour, the soiution was diiuted wUh 
later (3.0 mL), cooied and acidified with trifiuoroacetic acid. The resuifng 
mix ,ure was then purified by reverse-phase HPLC using f 0 -90% 
acetonitriie/water (30 minute gradient, a. flow rate of 70 mUmin. The 
appropriate fractions were combined and freeze dried to prov.de the 
desired compound as a white powder (0.22 g). 'H-NMR and MS were 
consistent with the structure. 
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FXAMPLE 55 



Preparation of 




SCHEME F 



Scheme F 



CIH.H 2 N 



HO OH 



NH 2 HCI 



O^OEt 



CIH.H 2 N 




SMe " ^ HO' 

DMF, Water, 
Na 2 C0 3 , 90 °C, 
3 -4h 



N 



1 Isobutylchloroformate, 
NMM,DMF,-15°C-RT,3h 

2. 1M LiOH, HC1 




H 



HO* 



2. TFA 



CI 
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Step 1 

Preparation of 



o 



15 



20 




To a solution of 1,4-diamino-2,3-dihydroxybutane 
P 21 g 0.012 mole, tsynthesized fro. dimethyl-L-tartrate 

1 • . cm 1R3-197 11986], in water (6 mL) and 

j. carbohydrate Chemistry, 5, (2), 183 197, p 1, 

anhydrous DMF (10 mL), was added sodium oarbonate (1.83 g W«7 
Lie) To this mixture, the produo. from Step 2 o. Example 1 1 .21 * 
ToOS mo,e, was added and the mixture was heated at 85 X or , 
Aft er cooling in an ioe bath, DMF was distilled ,n vacuo an* the r 
residu e was suspended in water. The P H was ™ 
solution was lyophilized to afford the desired product (O907 a 59 

MS was consistent with the desired structure (M + H 267). 
The compound obtained was converted to its HCi sal, by st,rr,n fl w„h 4N 
HCt/dioxane (2 eguivaients) in THF (10 mL) a. 10 -C for 1 hour. 
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Step 2 



30 



To a suspension o, the product from Step 1 (0.1 1 9. 0.00023 mole, 
in anhydrous DMF (10 mL) a, -20 -C. was added Isobutylchloroformate 
,0 016 ft 0.00012 mole), followed by the dropwise addit.on of N- 
Ly—ne (0.3 9 , 0.00013 - = £ ^ 
mixture under argon atmosphere for 20 m.nutes at 20 . 
lount of N-methylmorpholine (0.013 g, 0.00 01 3 mole) was added 
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.Cowed by me addition o, the product from Example R (0.048 g, 000012 
mo ,e) The resulting mixture was stirred a. -20 -C for 15 minutes. After 
stirring a, room temperature for 2 hours. DMF was distilled ,„ vacuo and 
, he residue was purified by reverse-phase HPLC to yield (after 
, y ophiliza,ion) the desired ester as a white soiid ,0.03 g, 33 « y-** 
MS (M+H 627 M+H 629) and 'H-NMR were consistent w,th the 

desired structure. 

1 H-NMR (400MHz, Cd 3 Od): 5 8.8 (s, 1 H) 6 8.5 (s, 1 H), 8.1 (s, 1 H), 

7.4 (S, 1H), 7.2 (S, 1H) 5.6 (m. 1H), 4.1 (m, 4H). 3.7 (m. 2H), 3.6 (m, 

2H), 3.3 (m, 2H). 2.9 (m, 2H), 1 .2 (m, 3H) 

The resulting ester (0.03 g, 0.000035 mole) was stirred wrth 1M 
LioH (2 mL). After stirring for 1 hour at room temperature, the P H was 
adjusted to 2 with trifluoroacetic acid, and the product was isolated by 
Jerse-phase HPLC to provide (after lyophilization) the desired acd as a 

white solid (0.001 g, 3.5 % yield). 

MS (M+H 599 M+H 601 ) and 1 H-NMR were consistent with the 

desired structure. 

1 H-NMR (400MHz, CD 3 OD). 6 8.8 (s, 1H), 8 : 5 (s, 1H), 8.0 (s, 1H), 
7.4 (s, 1H), 7.2 (s, 1H) 5.6 (m, 1H), 4.1 ( m. 2H). 3.8 (m. 2H). 3.5 
(m, 2H), 3.3 (m, 2H), 2.8 (m, 2H) 
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Fyam ple 56 



The difluoro 



analog is prepared according to the synthetic sequence 



outlined in Scheme 1 below. 



10 



15 



Scheme 1 ^NH 2 



NH-Z 




NH-Z _ S H 2 Pd/C(10%) 



DAST 



NH-Z CH 2' 



— J 

Cl 2 ,24h F"7^/ 
F 



JC (lOVo) 

— ^ F— /k^-NH 2 



NH-Z EtOAc, EtOH / 
Z = Carbobenzoxy 



HN 



H ° 

v N fV' oH 

" F-j^NH k N J 

DMF,Et3^, F , Iso butvlchloroformate, 

90°C,3h NMM,DMF,-15°C-RT,3h 

2. 1M LiOH, RT, HC1 





OH 

X = Y = Halogen 



The carbobenzoxy-protected Ketone is converted to ,he correspond^ 
diflu oro intermediate using DAST diethylaminosulfur trifluonde. 
Subseguen. remove, of the carbobenzoxy groups (Z) by catalyse 
nydrogenation and coupling of the resulting diamine w,th the S- 
met y isotrtiourea derivative of 5-aminonicotinie acid derivat.ve, prov.de 
Te ^responding difluoro-substifuted guanidine containing n,co„n, ad 
precursor This compound is reacted with a fl ,ycine-be,a am,no acd-esfer, 
Lowed by hydrotysis and addiction to yield the final des,red 
compound. 



229 



^^pounds containing. seven-membered fiuoro/hydroxy substituted 

gua nidines are prepared accordin a to the .o„owin 9 **™ 

L Known diisopropyi-L-tartrate (J . Am. Chem. Soc. 1988, , .0. 7538). 

SCHEME 2 



Scheme 2 



15 



20 




l.NH 3 /MeOH 

y 2. hMds/tms-ci, ^ tms-hn 



CH 3 CN, Reflux 16 h 




CH 2 Cl 2 -MeOH(10%) 
NH-TMS RT,24h 



TMSO 



HO 




I.BH3.THF 
O Reflux, 16 h CIH.H 2 N 

NH 2 2.HC1 



TMSO T 
TMS = trimethylsilyl 




NH 2 .HCI T IL J 
SMe N 



DMF, 90 °C 
3 -4h 



OEt 



CIH.HN 



v\ NH N 




0 H 



O^OH 



HO 



1 Isobutylchloroformate, 
NMM, DMF,-15°C-RT3h 
2. !MLiOH,HCl 



HO 




X = Y = Halogen 



The monosilylated intermediate is synthesized by amidabon, 
siiylation and N-desiiyiation. The diborane reduction of this monos,,yl 
derivative provides the corresponding diamine dihydrochlonde. 
Sulouem condensation of the free-diamine with the S-methy,isoth,ourea 
5-aminonico.inic acid derivative, provides the corresponding seven- 
Lbered guanidine derivative. Further reaction o, this guan„d,ne w„h the 
gly cine- b ata-amino acid-ester, foUowed by hydrops and aoidi.icat.on 
yields the final desired compound. 
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Fxample 58 

The dialkyl/diol substituted seven-membered cyclic guanidine 
com pounds are prepared accord to reactions outiined in .be loitowrng 
Scheme. Starting trom the Known ^^^Z^ 
Med Cbem. 1996, 39. 2156), .be corresponding seven-membered cy* 
Inidine is synthesized by reacting .be free-diamine precursor w„h the 
IZ hyHsothLrea ,aminonico,inic acid derivative. Tbe condens,,on o, 
L resulting guanidine-carboxylic acid with a giycine-beta-amrno acd- 
el to, Jed by hydroiysis and aciditication yieids the tinat des.red 
compound. 

SCHEME 3 



Scheme 3 




H 2 Pd/C(10%) h 2 N 



EtOH 



HCT 



O C,H H 2 N o 



"OH 




rV XT 

|A y NH N i . isobutylchloroforaia 



o 



DMF, 90 °C 



3 -4h 



itC ' H °HO- R 



NMM 
DMF,-15°C-RT3h 

2. 1M LiOH, HC1 



X = Y = Halogen 

Z = Benzyloxycarbonyl 

R = CH 3 , CH 2 OH,CH 2 Ph, 
CF 3 , CH 2 F, or alkyl 
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Fxamole 59 



The dihydroxy compounds are prepared by the acid catalysed 
cleavage of the cyclic Keta, precursor as shown in the following Scheme. 



SCHEME 4 



Scheme 4 




X = Y = Halogen 
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Fxamole 60 



Compounds containing the seven-membered diol substituted cyclic 
guanines starting from D or meso-.artara.e derivatives are prepared as 
outlined in Scheme F. 
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The activity of the compounds of the present invention was tested in 
th e foHowing assays. The resuifs o, testing in the assays are tabbed in 
Table 1. 

vn-RDNFr.TIN AP"PS |r)N ASSAY 

in MATERIALS 

^n vitronectin receptor (a*) was purified from human placenta 

as previousiy described [Pytela et at., Method! in Eisynnojogy, 144:475- 
489 (1987),. Human vitronectin was purified from fresh frozen plasma as 
previousiy described lYa.ohgo e. a,.. Cell Structure and FuncM, 3:281- 
„ 292 (1988)]. Biotinylated human vitronectin was prepared by coupling 
NH S-bio.in from Pierce Chemica, Company (Rockford. IL) to purified 
vitronectin as previously described [Charo e. a,., i Biol Ch^, 
266(3)1415-1421 (1991,). Assay buffer, OPD substrate tablets, and RIA 
grade BSA were obtained from Sigma (St. Louis, MO). An.i-bio.in anbbody 
20 was obtained from Calbiochem (La Joila, CA). Linbro microfiter pla es 
w ere obtained from Flow Labs (McLean, VA). ADP reagent was obta.ned 
from Sigma (St. Louis, MO). 

METHODS 

25 

Q^iiri Phasft Receptor Assays 

This assay was essentially the same as previously reported [Niiya et 
a, Blood 70:475-483(1987)). The purified human vitronectin receptor 
30 < ^Z diluted from stocK soiufions tot.O pg/mL in Tris-bu«ered saline 
:n.ining1.0mMCa".Mg",andMn",pH7.4(TBS-,. The diluted 
receptor was immediately transferred to Linbro microliter plates at 100 
pUwel, (100 ng recep.or/well). The plates were sealed and incubated 
overnight a, 4»C to allow the receptor to bind to the we,,, A„ remainmg 
35 s ,eps were a, room temperature. The assay plates were empf.ed and 200 

, r,^A • TDC tH n-R^ +++ /BSA"i were added to block 
Hl_ of 1 % RIA grade BSA in TBS (TBo IV**) w 
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exposed plastic surfaces. Following a 2 hour incubation, the assay plates 
Z. washed with TBS~ using a 96 we,, plate washer. Logarithm, sena, 
d „u,ion of the test compound and centres were made starting at a stock 
concentration o, 2 mM and using 2 nM biotinyiated vitronectin ,n 
TBS»*/BSA as the diluent. This premixing of labeled hgand w,th test (or 
control) ligand, and subsequent transfer of 50 pL aiiquots to the assay 
l,e was carried out with a CETUS Propette robot; the fine, concenlrat.on 
o, the labeled ligand was 1 nM and the highest concentration of test 
om ound was 1 .0 x 1 0" 4 M. The competition occurred for two hours after 
J! a„ we„s were washed with a plate washer as before. Aff,n„y punf.ed 
horseradish peroxidase labeled goa, anti-biotin antibody was d,,u.ed 
1 .3000inTBS*«/BSAand125pLwereadded.oeachwel,. After 30 
m nu es. the pla.es were washed and incubated with 0PD,H,O, substrate 
I tOO mM/L Citrate buffer. pH 5.0. The plate was read w„h a m.croMe 
p ,a,e reader a. a wave,eng.h o, 450 nm and when the maximum-bmd.ng 
control wells reached an absorbance o, about 1 .0, the fine, A. ware 
r ecorded for analysis. The data were ana,yzed using a maco wntten for 
Zith the EXCEU spreadsheet program. The mean, standard deviation, 
and %CV were determined for duplicate concentrations. The mean A. 
va ,ues were norma„zed to the mean o, four maximum-binding consols no 
, competitor added)(B-MAX). The normalized values were subjected to 
fo ur parameter curve fit algorithm ,Rodbard et a,., 
^e^nna, pp 469 (1977)), plotted on a semilog scale, and the 
computed concentration corresponding to inhibition of 50% of the 
m aximum binding of bio.inyia.ed vitronectin (KM and corresponding R 
, Z reported for those compounds exhibiting greater than 50% ,nh,b, on 
Tthe highest concentration tested; otherwise the ,C M is reported as be.ng 

greater than the highest concentration tested. p-[[2-[[5- 
U aminoiminome,hy,)amino l - 1 -oxopen.yl,amino,-1-oxoethyl,amino l -3- 

yri dinepropanoic acid (USSN 06,375,338, Exampie 1, wh,ch ,s . 
35 L antagonist (,C M in fhe range 3-10 m was included on each p,ate as 
a positive control. 
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,pii=ii=n llh/llla RFCEPTOR ASSAY 

MATERIALS 

Human fibrinogen receptor («*> was purified from outdated 
piatelets. (Py»e,a, R.. Pierschbacher, M.D.. Argraves, 8.. SuzuKi, S., and 
Rouslahfi. E. "Arginine-Glycine-Asparticacid adhesion reoeptors , 
^^ a£c2m2! o fl y 144(1987):475-489.) Human vi.ronec.rn was 
purified from fresh frozen plasma as described in Yafohgo, T., .zum, M.. 
Kashiwagi. H.. and Hayashi, M.. "Novel purification of vi.roneCn from 
, human plasma by heparin affinity chromatography; CeliSSruc^reand 
Function 13<1988,:281-292. Biotinyla.ed human vitronectin was prep ed 
^ing NHS-biotin from Pierce Chemica, Company (RocKford. D 
purified vitronectin as previously described. (Charo, LF.. Nanmzz,, L. 
PhiHips, D.R., Hsu, M.A.. Scarborough. R.M.. ".nhibition 
„ binding to GP Ub/IHa by a GP U.a peptide", i^LChera «KW1"1)- 
1415-1421 ) Assay buffer, OPD substrate tablets, and RIA grade BSA 
were obtained from Sigma (St. Louis, MO). Anti-biotin antibody was 
obtained from Calbiochem (La Jolla. CA). Linbro microliter p,a,es were 
obtained from Flow Labs (McLean, VA). ADP reagent was ob.a.ned from 
25 Sigma (St Louis, MO). 
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S olid Phase R eceetor Assays 

^^"essentially the same reported in Niiya, K., Hodson, E., 

j \/ k-^inl I A Plow E.F. and Ruggen, Z.M., 
Bader, R , Byers-Ward, V. Koziol, J.A., now, r=. 

■increased surface expression of the membrane glycoprote.n llb/ll.a 

oomplex induced by platelet activation: Relationships to the binding of 

fibrinogen and platelet aggregation". B*gd70(1987):475-483. The 

purified human fibrinogen receptor was diluted frornstocK so,ut,ons 

,o 1 .0 pg/mL in Tris-buffered saline containing 1 .0 mM Ca , Mg , and 
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MP- pH 7 4 (TBS***). The diluted receptor was immediately transferred to 
Linbro microtiter pla.es at 100 pL/well (100 ng recep,or,we„). The plates 
were sealed and incubated overnight at 4-C to allow the receptor to b,nd lo 
me wells. All remaining Steps were at room temperature. Theassay 
plates were emptied and 200 pL of 1% RIA grade BSA in TBS 
,TBS*"/BSA) were added to block exposed plastic surfaces. Followmg a 2 
Z — n. the assay plates were washed with TBS*** using a OS we 
p ,a.e washer. Logarithmic serial dilution o, the test compound and controls 
were made starting a, a stock concentration o, 2 mM and using 2 nM 
bio.inyla.ed vitronectin in TBS"*/BSA as the diluent This prem.xrng of 
,abe,ed ligand with test (or control) ligand. and subsequent transfer of 50 
PL aliquots to the assay plate was carried ou, with a CETUS Propette 
robot the final concentration of the labeled ligand was 1 nM and the 
nighes. concentration o, fes, compound was 1.0 x 10" 4 M. The compe„„on 
occurred for two hours after which a„ wells were washed with a plate 
washer as before. Affinity purified horseradish peroxidase labeled goat 
anti-bio.in antibody was diluted 1:3000 in TBS***/BSA and 125 
added to each well. After 30 minutes, the plates were washed and 
incubated with 0DD,H 2 O, substrate in 100 mM/L citrate buffer. pH 6.a 
The plate was read with a microtiter plate reader at a wave,eng.h of 450 
, nm and when the maximum-binding contro, wells reached an absorbance 
o, about 1 .0, the final A«o were recorded for analysis. The data were 
anaiyzed using a macro written for use with the EXCEU spreadsheet 
program. The mean, standard deviation, and %CV were determined for 
. Th<= mean A^m values were normalized to the 

duplicate concentrations. The mean i^z> vai 

0 mean of four maximum-binding controls (no competitor added)(B-MAX). 
The normalized values were subjected to a four parameter curve ft 
algorithm, [Robard et at, ^JU!^s3nmx*mmJm™. PP «» 
, 18 77)l plotted on a semi-log scale, and the computed concentrate 
corresponding to inhibition of 50% of the maximum binding of biotinyla.ed 

33 vitronectin ,KW and corresponding R 2 was reported for those compounds 
exhibiting greater than 50% inhibition at the highest concentrate tested; 



237 - 



10 



15 



otherwise the IC„ is reported as being greater than the highest 
concentration tested. p-[[2-[[5-[(aminoiminomethyl)amino)-1- 
oxopentylJaminol-1 -oxoethyl]amino]-3-pyridinepropanoic acrd [USSN 
08/375,338, Example 1] which is a potent a„Pa antagonist (K. rn the range 
3.10 nM) was included on each plate as a positive control. 

Human Platelet Ric ^ Pia«ma Assays 
Healthy aspirin free donors were selected from a pool of volunteers. 
The harvesting of platelet rich plasma and subsequent ADP induced 
platelet aggregation assays were performed as described in Zucker, M.B., 
"Platelet Aggregation Measured by the Photometric Method", MeU-dsm 
Frgymology. 169(1 989): 11 7-1 33. Standard venipuncture techniques us.ng 
a butterfly allowed .he withdrawal of 45 mL of whole blood into a 60 mL 
syringe containing 5 mL of 3.8% frisodium citrate. Following thorough 
mixing in ,he syringe, the anli-coagulaled whole blood was transferred 1o a 
50 mL conical polyethylene tube. The blood was centrifuged at room 
temperature for 12 minutes at 200 xg to sediment non-platelet cells. 
Piatele. rich plasma was removed to a polyethylene tube and stored a, 
room temperature until used. Platelet poor plasma was obtained from a 
second centrifugation of the remaining blood at 2000 xg for 15 minutes. 
5 Platelet counts are typically 300,000 to 500,000 per microliter. Platelet 
rich plasma (0.45 mL) was aliquoled into siliconized cuvettes and sttrred 
(1 100 rpm) at 37°C for 1 minute prior to adding 50 uL of pre-diluted test 
compound. After 1 minute of mixing, aggregation was initiated by the 
addition of 50 UL of 200 uM ADP. Aggregation was recorded for 3 minutes 
„ in a Payton dual channel aggregometer (Payton Scientific, Buffalo, NY). 
The percent inhibition of maximal response (saline control) for a ser.es of 
M compound dilutions was used to determine a dose response curve. All 
compounds were tested in duplicate and the concentration of half-max,mal 
inhibition (KM was calculated graphically from the dose response curve 
, 5 for those compounds which exhibited 50% or greater inhibits at the 
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s highest concentration tested; otherwise, the IC 50 is reported as being 
greater than the highest concentration tested. 
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